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CONCEPT ATTAINMENT: 
INTELLIGENCE 
BY 
SONIA F. OSLER 


Goucher Colle ge 


Most concept studies with children 
utilized the 
questionnaire method or the perform- 
ance method (Vinacke, 1952, p. 108). 


have either interview- 
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with the statistical analysis of the data 
lo Jerome Cornfield and Margaret P. Martin 
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with the statistical 
encountered in this investigation. 

2 Now at the University of 


assistance problems 


Pennsylvania 


AND 


I. THE ROLE OF AGE AND 
IN CONCEPT ATTAINMENT 
INDUCTION! 


MYRNA WEISS FIVEL? 


Department of Pediatrics, 
Johns Hopkins University 


Each of these procedures presents 
certain obstacles to the discovery of 
S’s knowledge of 
or his ability to utilize it. 


in the interview-questionnaire method, 


a specific concept 
Implicit 


illustrated in the early works of Piaget 
(1929, 1930) and others (Klingberg, 
1957; Russel, 1940, 1942), is the as- 
sumption that knowledge of a concept 
is necessarily accompanied by the 
child’s ability to translate it 
words. That this assumption is not 


into 


justified has been demonstrated in a 
adults 
Heidbreder, 


with and 
1930: 


It is primarily for 


variety of ways 
children (Hazlitt, 
1927; Hull, 1920). 
this reason that Piaget modified his 
early procedures involving only inter- 
the 
performance technique. 


views to combined interview 

With few exceptions the perform- 
ance procedures utilized in concept 
studies boil down essentially to a type 
of sorting technique. The tasks may 
vary from matching to. stimulus 
(Brian & Goodenough, 1929; Colby 
& Robertson, 1942) 
categories that ‘‘go together”? (Thomp- 
son, 1941; Welch, 1940). The diffi- 


culty associated with this technique 


to sorting into 


is that performance may be a function 
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of factors other than knowledge of the 
specific concept under investigation. 
kor example, Heidbreder (1947) has 
demonstrated with adult Ss a domi- 
nance hierarchy in concept learning 
and sorting, in which object, form, 
and number concepts occupy in this 
order positions in the 
hierarchy; and Brian & Goodenough 
(1929) have similarly demonstrated 
with children the relative dominance 
of color and form. 


decreasing 


Others have shown 
that specific stimulus attributes may 
affect their relative dominance (Datt- 
man & Israel, 1951; Heidbreder, 1952; 
Stevenson & McBee, 1958). Further- 
more, it is reasonable to assume that 
where alternative possibilities for cate- 
gorizing exist the preference, interest, 
or experience of S will affect his 
performance. 

It would, therefore, seem desirable 
to use a technique for concept studies 
which would the difficulties 
the interview-ques- 
tionnaire and sorting techniques and 


avoid 


associated with 


yield a sensitive measure of S’s capa- 
city to deal with the task. 


The induc- 
fulfill these 
this method S is 
required to give the same response to 
differing stimuli which belong to a 
common The S demon- 
strates his attainment of the concept 
when he can respond appropriately 
to new stimuli at a level of accuracy 
specified by E. The stimuli are so 
designed that in order to achieve the 
required level of success S must cate- 
gorize according to the concept ex- 
pected by i 


tive method seems to 
requirements. [n 


category. 


In this manner competi- 
tion from other concepts is diminished, 
if not altogether eliminated. 
more, a 


Further- 
response does not 
involve verbalization ; but at the same 
time ability to verbalize may be 
studied as an additional dependent 
variable. 


The 


correct 


inductive method has been 


used in concept formation studies with 
children (Heidbreder, 1928; Levy & 
Cuddy, 1956; Long, 1940; Welch & 
Long, 1942, 1943) and adults (Archer, 
Bourne, & Brown, 1955), but in most 
of these studies S was restricted to a 
relatively small number of trials. 
Welch and Long (1943), for example, 
allowed only 30 trials for a problem 
involving Mills’ joint method, and 
then concluded that no S was able to 
solve problems of this type. In the 
study by Levy and Cuddy, a rote 
learning component was introduced 
in a modification of the inductive 
method in which only 10 different 
stimuli were presented over and over 
again. In the investigation described 
below 150 trials were given (unless 
success was achieved earlier). A pilot 
study revealed that only one or two 
Ss out of 100 who do not 
within 150 trials attain success if 
given additional opportunity. A suf- 
ficiently large number of trials thus 
provides the possibility not only for 
the study of success in attaining the 
concept but also for estimating the 
relative difficulty of the concept as a 
function of other variables, such as 
age and intelligence. 

In fact, the aims of the 
present investigation was to deter- 
mine the role of intelligence in concept 
attainment by induction. While it 
seems reasonable to assume that in- 
telligence and concept attainment are 
highly correlated, such a relationship 
has not been consistently demon- 
strated (Eisman, 1958 ; Griffith, Spitz, 
& Lippman, 1959; Hoffman, 1955; 
Plenderleith, 1956; Stuart, 1935). 
Furthermore, most studies have com- 
pared normal and feebleminded Ss, 
while in the present investigation a 
comparison is made between normal 
and superior Ss. Three age groups 
were selected for this study: 6-, 10-, 
and 14-yr. Ss. These age groups were 


succeed 


one of 
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chosen because they represent the 
extremes and midpoint of the ele- 
mentary school population and _ be- 
cause they fall within three stages 
of mental development as defined by 
Piaget. 

The concepts studied were: bird, 
animal, and living thing. According 
to the notions of Welch and Long 


(1940) these three concepts should 


represent increasing levels of difficulty, 
and thereby enhance the discriminat- 
ing power of the tasks. 


METHOD 


The Ss consisted of 180 school 
children attending elementary and junior high 
schools of Baltimore City and County, equally 
divided among the following age groups 6-, 
10-, and 14-yr. Each S was within 6 mo. of 
the age specified. Half of the children within 
each age level had a WISC IQ between 90 
and 109 (mean IQ for total normal intelli- 
gence group was 101.6, SD = 5.1) and the 
other half had a WISC IQ of 110 and above 
(mean IQ for total high intelligence group 
was 121.3, SD = 8.1). 

Apparatus.—The apparatus consisted of 
two 3-in. hollow wooden cubes painted black. 
One side of the cube was missing so that it 
could be placed over a marble. A metal 
frame was attached to the side of the cube 
facing S in such a way that 2.75-in. cardboard 
stimuli could easily be slipped into it. A set 
of stimuli for each concept consisted of 150 
pairs of pictures individually 
squares of white cardboard 
each 


Subjects. 


mounted on 
One picture of 
pair represented an example of the 
concept; the other picture was similar in area, 
color combination, and brightness, but repre- 
sented an object not belonging to the concept 
\ different set of stimulus pairs 
was used to represent each of the three con- 
cepts, bird, animal, and living thing, making 
a total of 900 stimulus cards. Figure 1 shows 
some of the stimulus pairs. It should be 
remembered, however, that the actual stimuli 
were multicolored. 

The reason for choosing naturalistic stim 
uli rather than formal types which would 
allow for systematic variation of dimensions 


category. 


was to avoid the complication of unequal 
familiarity or availability of verbal labels, 
which would tend to favor the older and more 
intelligent Ss. Prior to the actual investiga- 
tion the stimulus material was shown to 10 


Fic. 1. Samples of stimulus pairs used in 
the bird, animal, and living thing 
respectively. 


oncepts, 


children in each age and intelligence 
to be tested. These Ss were asked to identify 
the pictures on the cards and any picture 
which was not properly identified was dis 
carded. The children used in the pretest did 
not serve as Ss in the 


group 


experiment Che 
familiarity of the material was further checked 
by asking each S to identify 10 pairs of stimuli 
upon completion of the concept learning task 
Different sets of 10 were each § 
These data that the 
pictures were entirely familiar to all Ss 

A black curtain, which was drawn closed 
between attached to a rod 
table 
he S was provided with a 
collect iv the 


used for 
confirmed the fact 


responses, Was 
mounted on a frame and placed on the 
between E and S 
grooved 
marbles 


wooden tray for 

with 

were reinforced. 
Procedure. 


in two separate sessions 


which his correct responses 
Each S was tested individually 
\t the first 

S was told that he would play a game in 
he could win any one of a group of toy 
played before him 
the most preferred of the group, and this was 
then set slightly apart from the others in a 
position which allowed him to view it during 


session 
which 
5 die 


He was asked to select 
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rABLE 1 


MEAN NUMBER OF ERRORS PER GROUP FOR REACHING CRITERION OF 10 


CONSECUTIVI 


CORRECT RESPONSES 


10-Yr. Ss 


sird 
Animal 


Living thing 
All concepts 
yn 10 Ss 
Che following instructions were 


the ‘“‘game.”’ 
then given: 


I am going to hide a marble under one of 
these boxes and job is to find the 
Sometimes the marble will be 
under this box, and sometimes it will be 
under this box 


your 
marble 


(demonstrated) If you 
guess right, you may put the marble in your 
tray. If you don't guess right, I will keep 
the marble. I will put cards in here like 
this (demonstrated with sample cards un- 
related to the concept studied). If you 
look at the cards, you will be able to get 
marbles When you get 
marbles to fill your tray 
(name of the toy 


many enough 


you will get the 


The S was required to point to the box 
which he thought covered a marble. The £ 
then lifted the box, and if the response was 
correct, S picked up the marble and placed 
it in his tray. The procedure was continued 
until S made 10 consecutive correct responses, 
at which point E commented on S’s good per- 


TABLE 2 


ANALYSIS OF VARIANCE OF ERRORS 


Source 


Concepts (C 
\ge (A 
Intelligence (1) 
= 

Cx 

ee 

CMA I 
Within 

Total 


H dO bh et I 


e P < .001 


SD | Mear 


20.8 10.0 


he knew the 
location of the marble The maximum num- 
ber of trials was 150; and any S who did not 
reach the criterion of success at that point 
was considered to have failed. Each S worked 
on one concept only. The second 
held approximately two weeks later, was 
devoted to the administration of the WISC 
These 


and asked him how 
3 


formance 


session, 


experiments were conducted in 
Mt hools; and one serious problem that arose 
was communication among the children. To 
prevent this the number of Ss used in any one 
was small; and Ss, who had 


chosen at random from the appropriate age 


school been 
groups, were tested in sequences which were 
A split- 
half comparison of scores was made and no 
significant difference resulted 

Experimental design.—A 3 X 3 X2 _ fac- 
torial design was used with the three age levels 
constituting one variable, the three concepts 
the second variable, and the two intelligence 
levels the third variable. This resulted in 18 
groups with 10 Ss in each group, consisting of 
approximately the same number of boys and 
girls. 


likely to minimize communication 


RESULTS 


The effect of age and intelligence. 


The two response measures ol errors 


to criterion and successful attainment 


3 Originally it was planned to ask each 5S 
periodically during the experimental session 
for the basis of his choice. 
discovered that frequently S, after stating 
his reason (such as “things with two legs”’ 
when working with birds), would change his 
strategy anticipating E not to bait stimuli 
that he exper ted S to choose 


However, we 
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Table 1 
shows the mean number of errors per 
group and the corresponding SDs. 
These data did not satisfy the require- 
ment of homogeneity for an analysis 


of criterion were analyzed. 


of variance. Nevertheless, an analysis 
of variance was performed for explora- 
tory purposes; and the results are 
shown in Table 2. Even with the 
caution dictated by the lack of 
homogeneity, the P values associ- 
ated with the effects of age and intelli- 
indication that 
these variables produced significant 
differences in performance. 

The nonparametric Kruskal-Wallis 
one-way analysis of variance by ranks 
(Siegel, 1956) was also performed, and 
these results, shown in Table 3, were 
in complete agreement with the anal- 
ysis of variance. To check out a 
possible interaction between age and 


gence gave strong 


intelligence an analysis was done on 
the data collapsed across concepts, 
thus producing homogeneity of vari- 
The F ratio for the Age X In- 
telligence interaction was less than 


ance, 


one. 
The distribution of 
experimental 


Ss in 
who 
performance is 


the 18 
achieved 
shown in 
Table 4. An analysis of these fre- 
quency Table 5, 
yielded results completely consistent 


groups 
criterion 
data, shown in 
with the error scores. 

As an additional measure of asso- 
ciation, the rank-order correlation was 


rABLE 3 


KRUSKAL-WALLIS ANALYSIS OF VARIANCE 
OF ERROR SCORES 


Source 


Age 
Intelligence 
Concepts 


computed between error scores and 
mental age As shown in 
Table 6, the rho values obtained are 
the same for each concept group. 
The data were, therefore, pooled and 
the value of the correlation for the 
total S population computed. All 
the values obtained were significant 
at the .001 level. 

The effect of concept hierarchy. 
From the results it appears that con- 
cept hierarchy had no effect on one 
measure of performance, errors to 
criterion, and only a minimal effect 
on frequency of Ss 
criterion performance. 
Table 5, the concepts did produce a 
significant difference in the Normal 


scores. 


who achieved 


As shown in 


This analysis was 

Cochran (1954) 
to take advantage of the predictions 
of the differences to be expected. 
The Ss of high intelligence found all 
concepts of equal difficulty. 


Intelligence group. 


done according to 


Disc USSION 


That age and intelligence are associ 
ated with more effective concept learning 


TABLE 4 


NUMBER OF 


6-Yr. Ss 


Normal High 


Bird 
Animal 
Living thing 


lotal 


Norma 


Ss PER Group WHO REACHED CRITERION PERFORMAN( 


10-Yr. Ss 14-Yr. Ss 


High Normal High 
10 10 10 


10 
10 
10 


30 
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TABLE 5 


Cut SQUARE ANALYSIS OF FREQUENCIES OF 


SUCCESSFUL SS 


Comparison Chis 
Age 2 $2.636*** 
Intelligence 1 7.058** 
Concept 1* 2.967 
Concept (Normal IQ 1" 5.468" 
Concept (High IQ 2 116 

® This calculation is based on Cochran ethod 
which involves loss of 1 df for the regression equation 
02, 
—* P < oO 
* P < 001 


seems entirely reasonable, but the specific 
mechanism by which the effectiveness is 
enhanced has yet to be clarified. Is the 
greater effectiveness of the older and 
more intelligent Ss due merely to en 
hanced speed of learning, that is, to 
greater increment in 
per trial, or 
difference in 


a 
response tendency 
is there also a qualitative 

To 
answer this question learning curves of 
individual Ss 


the learning process? 

were examined for the 
purpose of determining whether concept 
attainment was gradual or sudden. A 
gradual acquisition of the concept would 
be consistent with the continuity theory 
of learning and sudden acquisition with 
the theory of 


learning by hypothesis 
testing. 


In order to classify Ss into 
gradual and sudden learners their per 
formance just prior to the 10 consecutive 


AND 
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rABLE 6 


RANK-ORDER CORRELATIONS BETWEEN MA 
AND ERROR SCORES 


Gr rho t 
Bird 58 541°" 58 
\nimal 60 5.71°** 58 
Living thing 63 6.14*** 58 
Total 61 10.16*** 178 
*pP Oo! 
S was assigned a score which represented 





the percentage of correct responses in the 
10 trials preceding the final 10 (which 
were all correct). All Ss whose score fell 
below the median, which was 60%, 
classified as sudden 


were 
learners, and those 
whose scores fell above the median were 
Table 7 
gradual 
with a chi 
that the 
incidence of sudden learners was a func- 


classified as gradual learners.‘ 
the distribution of 
learners, 


shows and 
sudden together 


square analysis, which shows 


tion of intelligence, but that neither age 
nor concept hierarchy produced any dif- 


* Five Ss who fell into the gradual category 
had each achieved the concept in 20 trials or 
less and made no more than two errors 
Ss were arbitrarily 


These 
placed into the sudden 
category, as performance seemed to 
justify. This accounts for the unequal num- 
ber of Ss in the sudden gradual categories. 
[wo of the Ss had normal and three had high 


their 


correct responses was examined. Each _ intelligence 
TABLE 7 
BREAKDOWN OF SUCCESSFUL Ss INTO GRADUAL AND SUDDEN LEARNERS 
6-Yr. 8 10-Yr. S 14-4 s \ll Age 

Concept Normal Hig Normal Hig Normal Hig N , Hig 

1O IO IO 10 1O 10 1O IO 
Ss (, S ( S G S G S G S ( Ss eo S i 
Bird 1 4 3 l 3 5 6 2 2 6 7 3 6 15 16 6 
Animal 2 0 2 3 } 3 7 1 } } 7 3 10 7 | 16 7 
Living thing 0 0 1 3 2 3 2| 6 } 3 71 3 6 6| 10); 12 


Total 3 } 


Note 
gence x? 


S refers to su 


= 4.034, df =1, P <.05; ¢ 


gnificant; Intell 











CONCEP 


ference. From this finding an association 
between intelligence and concept attain 
ment by hypothesis testing was inferred ; 
an inference which is entirely consistent 
with findings by 
Kendler (1959) and 
and Wells (1960). 


One other factor that 


and 
Kendler, 


recent Kendler 


Kendler, 


related 
The 
instructions given to Ss did not direct 
them explicitly to try to discover a con- 
cept; but merely stated that attending 
to the stimuli would help 
marbles. Theoretically, therefore, it is 


may be 
to performance must be considered. 


them win 
possible that the experimental task con 
(a) the discovery of 
the problem, that is, that a concept is to 
the solution of the 
the the 
The differences in per 


sisted of two stages: 


be sought, and (b) 
problem, that is, discovery of 
specific concept. 
formance associated with age and intel 


ligence may be due to more effective 
performance at either or both of these 
stages. To determine whether problem 
finding is a significant variable and the 
extent of its influence upon performance, 
if any, would require a systematic study 
of the effect of 


cept attainment. 


instructions upon con 
Recent findings on the 
effects of stimulus complexity upon con 
cept attainment at two levels of intelli 
gence (Osler & Trautman, 1961) support 
the interpretation of a difference in the 
process of concept attainment as a func- 
tion of intelligence. 

A few brief remarks concerning the 
correlation and mental 
age are in order. The rank-order correla- 
because the data did 


between errors 


tion was selected 
not meet the assumptions for either the 
product moment or the correlation ratio. 
The actual value of 
probably lower than the true value be- 
cause of the restricted 
in the present 


rho obtained is 


range of talent 
The 


mental ages was restricted in terms of the 


sample. range of 
ages studied and the minimum IQ re- 
quired; the error scores were restricted 
because of the maximum number of trials 
The 


of rho obtained, despite these limitations, 


permitted. relatively high values 


emphasize further the importance of the 
variables studied 


ATTAINMENT ‘ 








SUMMARY 


[his investigation was concerned with the 
effect of age and intelligence on concept 
attainment The Ss 180 children, 60 
in each of the following age groups: 6, 10, 
and 14 yr. They were divided equally into 
normal and high intelligence groups. Each 
S worked on one of the following concepts: 
bird, animal, or living thing. , 

The response measures of trials to criterion 
and the number of successful Ss were analyzed 
The following conclusions were drawn: (a) 
Age was associated with significant differences 


were 


in errors to criterion and number of successful 


Ss (b) Intelligence was associated with 
criterion 
rhe effect 


had 


no effect upon errors to criterion; but it did 


significant differences in errors to 
and number of successful Ss. (¢ 

of concept hierarchy was nominal. It 
produce significant differences in number of 
Ss of normal intelligence who achieved the 
(d)When Ss were divided 


into sudden and gradual learners, it was found 


criterion of success 


that the frequency of sudden learners was a 
This 


greater 


function of intelligence, but not of age 
indicate the 
the superior Ss 


was interpreted to 


utilization of mediators by 
(e) Rank-order 


between 


correlations were computed 


mental age and error scores and 


these were found to be highly significant 
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CONCEPT ATTAINMENT: II. EFFECT OF STIMULUS 
COMPLEXITY UPON CONCEPT ATTAINMENT 
AT TWO LEVELS OF INTELLIGENCE! 


SONIA F. OSLER 


Goucher College 


Recent experimental work has lent 
support to the notion that discrimina- 
tion learning and concept attainment 
by children may be achieved either 
by mediational symbolic processes or 
The experi- 
mental evidence also points to an 


simple S-R associations. 


association between the specific learn- 
bY 
In a study of dis- 


ing process characteristic of and 


his intelligence. 


crimination learning Kendler and 
Kendler (1959) found that fast learn- 
ers achieved a reversal shift more 


readily than a nonreversal shift, while 
the opposite was true of slow learners. 
From this result it was inferred that 
fast learners utilized mediators in the 
original discrimination, while the slow 


1 This investigation was supported by a 
grant from the National Institute of Mental 
Health, Psychopharmacology Service Center, 
made to Leon Eisenberg of Johns Hopkins 
University, and the senior author (Grant 
MY-2583) 
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learners achieved the discrimination 
through an S-R association. 

In a second study involving concept 
attainment by induction (Osler & 
Fivel, 1961) Ss were divided into 
gradual and sudden learners on the 
basis of the learning curves they 
generated. It was then found that 
in the group of superior intelligence 
there were more sudden learners than 
gradual learners, while the reverse was 
true in the group of normal intelli- 
gence. On the assumption that the 
gradual learners build up S-R associ- 
ations and that sudden learners test 
successive hypotheses, it is concluded 
that the process mediating concept 
attainment is a function of intelligence. 

The object of the present investiga- 
tion was to provide an experimental 
means for testing the inferred rela- 
tionship between intelligence and the 
specific learning mechanism involved 
in concept attainment. If hypothesis 
testing is more frequent among supe- 
rior than normal Ss, it should be 
possible to influence the performance 
of the superior group by varying the 
number of irrelevant dimensions, on 
which hypotheses can be based, in 
the concept exemplars. For Ss of 
normal intelligence, who tend to 
achieve solution by the gradual build- 
ing up of an S-R 


association, no 


systematic relation between the num- 
ber of stimulus dimensions and speed 
of solution is anticipated. 

The specific prediction, therefore, 
is that the performance measures in 
concept attainment will show a sig- 
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nificant interaction between level of 


intelligence and the number of ir- 


relevant dimensions in the concept 
exemplars. 
METHOD 
Stimuli.—One concept was studied: the 
number two represented by two types of 
exemplars. The first method of representa 


solid black circles, } in 
in diameter, placed in 
5 <5 grid on white 
The complete set consisted of 150 different 
patterns; these the formal two 
(FT) stimuli. 1 this 
set consisted of 


tion consisted of two 
random fashion on 


; 


cards 2} in. square 
were called 
The negative stimuli i 
the black 

numbers varying from one to five, excluding 
two, placed in unduplicated random patterns 
The second method of representation was 


same circles in 


by means of two identical pictures of common 
objects pasted on cards identical to those 
used in the FT set 
in a variety of colors and sizes, 
from children’s books and different 
for each of the 150 cards. ‘This set of stimuli 
was called the object two (O1 
stimuli for this set consisted of the same types 
than two An 
effort was made to have the negative stimuli 
match their positive mates in general area, 
brightness, and color combinations 
1 contains examples of the 
stimuli; but it should be remembered that the 
OT - stimuli actually multicolored 
Altogether there were 600 different stimulus 
cards. 

Che naturalistic 
stimuli, rather than attempting to increase 
the complexity of the FT stimuli by intro- 
ducing the variables of color or shape, was to 


rhe pictures, which were 
were cut out 
were 

The negative 


of pictures in numbers other 


Figure 


two types ol 


were 


reason for choosing 


RK ge 


FiG. 1. Samples of the stimulus pairs used 
in the Formal Two (FT) and the Object Two 
(OT) concepts, respectively. 


\ND GRACE E. 


PRAUTMAN 


create very | irge differences in the number of 
irrelevant the 
emplars without increasing their complexity 


dimensions in concept ex- 
to a point which gave the children of s uperior 
intellig older advantage in 
familiarity or in the availability of verbal 
labels. The use of common objec ts, pretested 
for familiarity, permitted the introduction of 
high attributes 
without the complications just enumerated 
The this 
construction is that there is no control of the 
but for the 
purpose of this experiment this does not seem 


TICE or age an 





in exceedingly number of 


weakness of method of stimulus 


amount of irrelevant information; 


to be crucial, as long as it was reasonable to 


assume a difference in the amount of irrelevant 
information 

Prior to the actual investigation the stimu 
lus material representing the object two was 
and intelli- 


Chese children were 


hown to 10 children in each age 
gence group t » be tested 
asked to identify the pictures and those which 
were not properly identified were discarded 
lhe children used in this pretest did not serve 
as Ss in the experiment. The familiarity of 
the material was checked further by asking 
S to identify 


each 10 pairs of stimuli upon 


completion of the concept learning task 
Different sets of 10 were used for each S 
These data confirmed the fact that the 


pictures were entirely familiar to all Ss 
lhe rationale for the design of the stimuli 


was that the OT exemplars would suggest 
many more hypotheses than the FT exemplars 
because of the diversity in the shape, size, 
color, and content of the different objects 
represented. Preliminary work had shown 
that children gave three times as many 
different reasons for their choice of the OT 
as for the FT stimuli. For this reason 


it was anti ipated that Ss of superior intelli- 
gence would find the OT stimuli more difficult 
than the FT stimuli, while this should not 
hold for Ss of normal intelligence. 

Subjects The Ss consisted of 
children 


120 school 


attending elementary and junior 
Jaltimore City and County, 
divided and 14-yr 
Each S was within 6 months of the 
age specified. Half of the Ss within each age 
level had a WISC IQ of 90 to 109 (the mean 
IQ of the total normal intelligence group was 
101.3, SD = 5.73) and half had an IQ of 110 
or above (the mean IQ of the total high 
intelligence group was 119.7, SD = 7.46). 
Apparatus and procedure.—The apparatus 
and procedure have been completely described 
by Osler and Fivel (1961 Each 5S, who 
worked individually, was asked to choose 
the correct two stimuli. Reinforce- 


high schools of 
equally among 6, 10, 


groups 


one of 
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CONSECUTIVI 
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rABLE 1 


ERRORS PER GROUP FOR REACHING CRITERION OF 10 
CORRECT 


RESPONSES 


6-\ 10-Yr. S 14-Vr. S All Age 
" N Hig Jormal Higl Normal High Nor- | High 
J 10 10 oO 1Q 10 10 10 10 
Mean| SD | M SD | Mean| SD | Mean) SD | Mean! SD | Mean| SD | Mean| Mean 
Object Two $8.6 | 29.5) 55.1 | 25.3) 42.1 | 23 49.1 | 27.2) 18.2 | 20.2) 19.3 | 26.3) 36.3 | 41.2 
Formal Two | 48.0 28.9 36.6) 16.1) 47.6} 24 23.6 | 29.0) 15.5 | 19.3) 9.7 | 12.7] 37.0 | 23.3 
Note Ea t base 10 Ss, total N 120 


the 
exemplar ( onsisted of m irbles to be exc hange d 


ment which followed the choice of 


oncept 
I pt 


at the end of the experime nt fora prize of S's 


selection The S worked until he gave 10 
consecutive correct responses, which was the 
criterion of success The maximum number 
of trials was 150 and any S who did not 
achieve criterion performance at that point 
was considered to have failed \ second 
session, held within two weeks of the first, 
was devoted to the administration of the 
WISC. 

Experimental design.—A 3X2 X%2 fac 
torial design was used, with three ages con- 


stituting one variable, the two methods of 
concept representation the second variable, 
and the two intelligence levels the third vari- 
able This resulted in 12 groups with 10 Ss 
in each group, consisting of approximately 
the same number of boys and girls 


RESULTS AND DISCUSSION 


The results were analyzed in terms 
of two measures ol perlormance: (a) 
the number of errors per yroup, and 
(b) the Ss who attained 
the criterion of Table 1 
shows the mean number of errors for 


number of 


SUCCESS. 


each of the 12 experimental groups 
with the SDs. An 
analvsis of variance of these data, 
in Table 2, indicates that, of 
the three independent variables, only 


corresponding 
shown 


age produced significant differences; 
neither intelligence nor mode of con- 
cept representation as main effects 
produced significant / ratios. How- 


ever, as predicted, the interaction be- 





tween intelligence and method of con- 
cept representation turned out to be 
A break- 
down of the actual data shows that 
the interaction is due to the fact that 
Ss of superior intelligence found the 
OT exemplars more difficult than the 
kT exemplars (F 7.739, df = 1/54, 
P < .01); while Ss of normal intelli- 
gence found both types of stimuli of 
equal difficulty. In fact, with the OT 
stimuli the superior Ss lost all ad- 
vantage of high intelligence, an ad- 
vantage which was evident with the 
FT stimuli and also in the previous 
concept Osler and Fivel 
(1961), utilizing a similar procedure. 


significant at the 5% level. 


studies by 


The data on frequency of Ss who 
achieved the criterion of success are 
Table 3. A Chi 


shown in square 


rABLE 2 


ANALYSIS OF VARIANCE OF ERRORS 


source Ws } 

Age (A) 2 10,994.28 | 17.09** 
Intelligence (I 1 589.63 
Stimuli (S 1 2,201.63 3.42 
J € 2 124.06 

1Axs 2 44.31 
Sxl 1 2,594.70 1.03* 
AXSXI 2 363.93 
Error (Within 108 643.45 

lotal 119 

°P 05 

+ P ool 
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TABLE 3 


NUMBER OF SS PER GROUP WHO REACHED CRITERION PERFORMANCE 


6-Yr. Ss 
Stimuli 
Normal H gh Nor 
1Q IQ 
Object Two i. 3 
Formal Two 5 8 


analysis shows that age (x? = 15.60, 
df = 2, P < .001) and concept repre- 
sentation (x? = 6.26,df = 1, P < .02) 
produced significant differences, while 
intelligence (x? = .036) did not. Be- 
cause of the significant interaction in 
the error scores between intelligence 
and mode of concept representation, 
the frequency data were analyzed 
separately for each intelligence group. 
This analysis showed that for the 
normal Ss concept representation 
made no difference (x? = .074), while 
for the superior Ss the OT stimuli 
were more difficult than the FT stim- 
uli (x? = 10.80, df =1, P <.01). 
The results of the analysis of the 
frequency data are in complete agree- 
ment with the 
error scores. 


those obtained from 


It has been demonstrated that the 
effect of increasing the number of irrele- 
vant stimulus dimensions was to slow 
down Ss of superior intelligence without 
affecting those of normal intelligence. 
These findings are consistent with the 
interpretation that in concept attainment 
high intelligence is associated with hy- 
pothesis testing, while normal intelligence 
is characterized by associative learning. 

In the experiment by Kendler and 
Kendler (1959) it was found that the 
use of mediating responses speeded up 
learning. Is the present finding of no 
difference between normal and superior 
Ss with the OT stimuli inconsistent with 
their finding? Any seeming inconsis- 
tency is easily dispelled by pointing out 
that where the number of irrelevant di- 
mensions is small, as is the case with the 


16-Yr. Ss 14-Yr. Ss All Ages 
al High Normal High Normal High 
1Q IQ IQ IQ IQ 
4 9 7 19 | 14 


8 9 10 20 26 


FT stimuli, the results are in 
complete accord with those reported by 
Kendler and Kendler, also used 
simple stimuli. The more complex OT 
stimuli present a different problem, as 
is evident from the previous discussion. 
Bourne and Restle (1959) recently sug- 
gested an inverse relationship between 
the number of irrelevant dimensions and 
the speed of concept identification, with- 
out restrictions as to S variables. They 
attempted a validation of this theoretical 
formulation with data from several stud- 
ies, all of which used college students as 
Ss. Since these Ss are of superior intel- 
ligence, the findings are entirely con- 
sistent with those obtained in the present 
study for the high intelligence group. 
But what about the group of normal 
intelligence for which the relationship 
proposed by Bourne and Restle did not 
hold? In casting about for a_ possible 
explanation one might ask whether the 
confounding of complexity with thematic 
quality of the stimuli used in the present 
investigation might not altered 
the experimental situation. Theoreti- 
cally it may have; but it is not immedi- 
ately apparent why the effect of thematic 
stimuli should have been different for the 
two intelligence groups. Bruner, Good- 
now, and Austin (1956, p. 108), who 
investigated selection strategies in con- 
cept attainment using abstract and 
thematic material, report that thematic 
material retarded the performance of 
their Ss by generating more incorrect 
hypotheses. Their Ss, who were Harvard 
undergraduates, are comparable to the 
superior group of the study. 
Again, their consistent 


present 


who 


have 


present 


results remain 


with those reported here; but still this 
throws no additional light on the findings 
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that either 
Bourne and Restle should not extrapolate 


with the normals. It may be 


from their data obtained with superior 


Ss to those of normal intelligence; 
or that there is an interaction effect 
with the age variable whereby addi- 


tional dimensions produce effects upon 
adults but not upon children of normal 
intelligence. 


SUMMARY 


Che aim of this investigation was to pro- 
vide a means of testing a previous interpreta- 
that Ss of 


concepts by 


tion superior intelligence attain 
testing hypotheses while Ss of 
normal intelligence attain concepts through 
S-R associative learning. One hundred and 
twenty Ss, 60 at each intelligence level, were 
Half 


the Ss worked with simple stimuli and half 
with complex stimuli 


tested on a concept attainment task 


In each case the con- 
cept to be attained was the same, that of the 


number two. Because the complex stimuli 


would generate more hypotheses than the 


ATTAINMENT 13 


simple ones, it was predicted that they would 
slow down the superior Ss, but not affect the 
normal Ss. On two measures of performance, 
number of errors to criterion and frequency 
of Ss attaining criterion, the prediction was 
confirmed. 
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FAMILIARIZATION (n) AS A STIMULUS FACTOR 
PAIRED-ASSOCIATE VERBAL LEARNING! 


DONALD R. GANNON 


Lou 


The Law of Acquaintance is cur- 
rently 
among human learning psychologists. 


enjoying a scientific revival 


According to Robinson: “the act of 
reading or reciting may... in- 
fluence the facility with which that 
act enters into 
(1932, p. 118). Despite its premature 
announcement nearly thirty 
very little evidence favoring 
this principle was available until the 
past decade when the quantitative 
effects of frequency of stimulation 
(nm) upon recognition behavior and 
familiarity judgments were discovered 
(Arnoult, 1956; Noble, 1954, 1960; 
Solomon & Postman, 1952; Under- 
wood & Schulz, 1960, Exp. 1). In 
general, the facilitation functions for 


new associations” 
years 


ago, 


a variety of materials are negatively 
0 to 40, 
rapidly 
Serial learning pro- 


accelerated in the range n 
with 
around 20. 


returns diminishing 


ficiency (R%) is similarly affected by 
n (Hovland & Kurtz, 1952; Noble, 
1955; Riley & Phillips, 1959; Under- 
wood & Schulz, 1960, Exp. III), but 
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checking the statistical analyses; to Irmgard 
Taylor for assistance in translation of the 
Winzen article; and to Margaret B. Koch, 
Donald J. Lewis, and Ruth H. Preston for 
helpful suggestions 
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paired-associate learning presents a 
maze of contradictions. 

One of G. E. Miiller’s students 
(Winzen, 1921) made an early attempt 
to determine whether familiarization 
is more influential in the stimulus (S) 
or in the response (R) position. Learn- 
ing pronounceable syllables which 
they had seen either 0 or 20 times the 
day before, Ss practiced by the method 
of right associates (Treffermethode) 
at a presentation rate of about one 
S-R pair every 9 sec. Winzen re- 
ported that the combination So-Ro 
produced more correct responses than 
the combination So-Roo. Unfortu- 
nately, the control pairs So-Ro and 
Soo-Roo were not included in the ex- 
perimental design, nor was the sta- 
tistical treatment adequate by modern 
standards to permit any definite con- 
clusions. Two recent studies (Cieutat, 
1960; Morikawa, 1959, Exp. II) lend 
partial support to Winzen’s observa- 
tions, but other investigators have 
either found null results (Bailey & 
Jeffrey, 1958; Mandler & Campbell, 
1957; Waters, 1939) or contradictory 
evidence (Sheffield, 1946; Underwood 
& Schulz, 1960; Weiss, 1958). These 
experiments will be discussed later. 

The present study was designed 
to evaluate an hypothesis based 
on data pertaining to meaningfulness 
(Noble, 1952a) available in 1957. 
Two independent experiments by 
Cieutat, Stockwell, and Noble (1958), 
confirmed since by others (Cieutat, 
1959; Hunt, 1959; Morikawa, 1959, 
Exp. I), showed significant effects of 
meaningfulness on both the S term 
and the R term but a greater influence 
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on RthanonS. Mindful of the serial 
learning data, they reasoned that if 
differences in the learning of paired 
associates varying in meaningfulness 
are due primarily to the positive 
transfer effects of n, an appropriate 
experiment 

might reveal that meaningfulness is a second- 
ary phenomenon derivable from the same 
basic variable that controls all learning. This 
coordination would be demonstrated neatly if 
one could produce similar acquisition curves 
by manipulating either (frequency or mean- 
ingfulness). The empirical question [they 
concluded] is whether familiarization would 
affect the S and R terms differentially (1958, 
p. 201). 


Since it is known that R% is a func- 
tion of meaningfulness in serial and 
paired-associate learning (Noble, 
1952b; Noble & McNeely, 1957) ; that 
RY is a function of familiarization in 
serial learning ; and that the meaning- 
fulness of the R term in paired asso- 
ciates contributes more to learning 
proficiency than the S term, it follows 
that if familiarization is the sole basis 
of the meaningfulness effect, then 
familiarization should facilitate the 
learning of paired associates in a 
similar manner. In symbolic terms, 
the following three implications were 
drawn by analogy to the two experi- 
ments by Cieutat, Stockwell, and 
Noble (1958): (a) (S2o-Reo) > (So- Reo) 
> (Seo-Ro) > (So-Ro). (6) All main 
effects due to the stimulus term (S), 
the response term (R), and number 
of practice trials (N) should be sig- 
nificant. (c) Given enough practice, 
there ought to be significant two- 
factor interactions (SX R, SX*N, 
R X N) and a three-factor interaction 
(SXRXN). 

Should the main effects and inter- 
actions turn out different 
from the predictions above, it would 
incline one toward the alternative 
hypothesis that familiarization (m) 
cannot be used to explain all of the 


radically 


variance in RY scores thought to be 
due to meaningfulness (m), and that 
there must be more to meaningfulness 
than sheer frequency of experience, 
e.g., number of associations (Noble, 
1961; Parker & Noble, 1960). The 
latter is the of m originally 
espoused by the second author (Noble, 
1952a); hence the present investiga- 


view 


tion is at once an indirect test of the 
associationistic 


meaning- 
fulness and a direct test of Winzen’s 
stimulus-familiarity hypothesis. 


concept ol 


METHOD 


consideration The 
consisted of two ph ses: 
learning. In the 
received either 0 or 20 independent exposures 
(n) of items of low and 
familiarity (f). The 
designated as S and RK tern 


Design experime 
familiarization 


familiarization phase Ss 


meaningfulness m 


“words” la 


paired ; each was presented as a si 
to which S 
of pronunciation 


made the i 
This 


reception as well as exercise of the 


responst 
insured stimulus 
respo = 
Phe learning phase was designed to determine 
whether n facilitated ind if so, 
whether familiarization differentially influ- 
enced the relative contributions of S and R to 
the learning of five pairs of the 
isolated Four experimental groups 
were formed by all 
(S vs. R) and amount (0 vs. 20 
zation, while a control 
familiarization training 


learning 


previously 
items 
combinations of locus 
of familiari- 
group received no 
All Ss prac ticed the 
same five S-R pairs during the learning phase, 
so any observed differences in R% scores 
among the experimental groups would have 
to be attributed to effects of the familiarization 
phase. 

Several methodological points n 
sidered. First, high m theoretically requires 
high nm, but not (Noble, 1953); 
familiarization effects in this study 
therefore, be explained as change 
fulness. One experiment consistent with this 
view (Riley & Phillips, 1959) found that al 
though serial learning of CVC material was 
accelerated by 


1ust be con- 


cony ersely 
may not, 


in meaning- 


familiarization, the m 
SCC ond, 


prior 
values of the CVCs were 
it is important in the present investigation to 


unaffected 


use independent groups of naive Ss in 
stant-trials design. The purpose of this is to 
study acquisition phenomena including inter- 
actions, to avoid interference effects, to permit 


a con 
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unbiased tests of S-R interaction, and to 
provide controls for generalized familiariza- 
tion influences. Finally, in the interest of 
standardization, the familiarization and trans- 
fer operations are similar to those employed 
in earlier studies in this series 

A pparatus.—Instrumentation consisted of 
a Viewlex Viewmatic automatic slide projector 
(No. RCP-1) for the familiarization phase 
and a Patterson memory drum (No. 1-A) for 
the learning phase The projector was 
equipped with a circular slide cartridge having 
7 Z2M2 im Four 


cartridges were required, each of which con- 


a capacity of slides 
tained the familiarization items for a single 
experimental group. The memory drum was 
fitted with a white tape containing the paired 
\ sliding 
shutter over the aperture permitted S to view 
either the left or the right side of the drum 


associates typed in capital letters 


The projection and tachistoscopic functions 
controlled by two Hunter 


timers set to expose each slide for 1 sec 


were electron 


, and 


TABLE 1 


F AMILIARIZATION LISTS FOR THE FOUR 
EXPERIMENTAL Groups APPEARING 
IN Eacu Projector CARTRIDGI 


NOSTAW 
GOKEM 
TARO 
ULNA 
SAGROLI 
JETSAM 
ZUMAP 
QUIPSON 


BYSSUS 
VOLVAF VOLYV 
XYLEM XYLE 
|} MEARDON 


M 
MEARDON 
KUPOD KUPOD 


) LATUK j LATUK 
KUPOD KUPOD 
| MEARDOD 


QUIPSON 

BYSSUS 
{ QUIPSON 
JETSAM 


OUIPSON 


JETSAM 


5(@2 ea 


10@2 ea 
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1.4-sec 


This gave a presentation rate of one slide 


to provide a interstimulus period.? 
every 2.4 sec. in the familiarization phase 
For the learning phase, the intertrial interval 


, and the S item appeared for 2 sec. 


was 8 se 

followed by the S and R items together for 
sec 

Fifteen 

were 


Learning material dissyllabic 


; paralogs, used for 
familiarization training Ten of these (rele- 


vant items) also appeared as the S-R elements 


‘words,”’ mostly 


of the paired-associate lists in the learning 
phase, while the remaining five (irrelevant 
items) were used only as fillers in the familiar- 
ization phase in order to equate the total num- 
ber of exposures for Ss in the four experimental 
conditions \ll items were chosen from the 
low end of the m and f scales (Noble, 1953 
so that the mean median m value was .30, 


and the mean f value was .41 Low scale 


values were used in order to reduce the number 
of possible S-R connections formed outside 
the experimental situation and to insure com- 
parability with the previous serial learning 
study (Noble, 1955 Che four familiarization 
lists are reproduced in Table 1 

Subjects Che Ss were 120 male and female 
college students obtained on a voluntary basis 
\ges 


ranged from 17 to 43 yr. (mean = 19.3 yr 


at Louisiana State University in 1957 


and all Ss were naive with respect to paired- 
associate learning Twenty-four Ss were as 
signed to each of the four experimental groups 
in a counterbalanced order of arrival at the 
laboratory \n additional 24 Ss were used 
control group which received 
The E engaged 
these Ss in conversation for an amount of time 
equivalent to the familiarization phase, then 
proceeded to the learning phase 

Procedure.—¥ our experimental groups were 
formed in terms of locus and amount of famil- 
Soo-Reo, So-Reo, S2o-R 


spec ial 


as a 


no familiarization training 


larization, as follows: 
So-R in the familiarization phase, S was 
instructed to pronounce each dissyllable aloud 
The Ss 
were not informed of the subsequent learning 
phase. As shown above in Table 1, the rele- 


as it was projected on the screen 


vant items were separated by irrelevant items 
in order to reduce the formation of any initial 
S-R 
The ratios of relevant to irrelevant items in 
the Seo-Reo, So-Reo, Seo-Ro, and So-Ro groups, 
respectively, were 20/10, 10/20, 10/20, and 
0/30. 


connections before the learning phase 


Since each relevant item was exposed 


2‘The present exposure duration is from 
1.3 to 2.0 sec. briefer than those used in earlier 
(Noble, 1954, 1955), but the inter- 
stimulus period is the same, 


studies 
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twice in each cartridge, 10 revolutions were 


required to obtain 20 exposures. There were 
300 exposures in all 

S was instructed to 
ifter the first trial 
both S and R 
were pronounced and the correction method 
trials 
given, with the two groups of five 


In the learning phase 


anticipate the R term 


As is standard in this series, 


was used Seventeen learning wert 


relevant 
items constituting the S and R terms 


sponses were scored as correct (R-+4 
I 


> 


erroneous (R Ihe criteria for 


as follows: (a 


in errone- 
ous response were Omissions, 


(0 late responses, (¢ mispronounced re- 


sponses, (d) the same response repeated three 
times in succession during a single trial The 
Ss had to maintain a uniform pronunciation 
of the par ilogs in order to receive R-4 


by the 


scores 
third error criterioi lo neutralize 
iccidental order effects, two lists of S-R pairs 
were formed Che Forward list, mounted on 
the left side of the memory drum, consisted 
of pairs formed from the 10 relevant items 
The Reverse list, mounted on the right side 
of the items so that 
S; became R,, Se became Ro, et The E 


constructed four 


drum, transposed these 


random trial sequences to 
Chese learn 
There 


Reverse Ss 


minimize serial learning effects 
lable 


three 


ing lists are reproduced in 


were three Forward and 
issigned to each of the four trial sequences, 
a total of 24 Ss per condition he 
familiarization and learning phases required 
12 min 


interval during 


making 
ea h, l-min rest 
E engaged Su 
Total time, including instructions, 
ill Ss 


he familiarization instruc- 


separated by a 

which con- 

versation 
. ly 7 . 

was approximately 2/ min. for 

Instructions 


tions were given verbatim as follows 


instructions 
verbatim as follows: 


The learning were given 


rABLE 2 


PAIRED-AssOcIATE Lists AND TRIAL SE- 
QUENCES FOR ALL GROUPS DURING 
THE LEARNING PHAsSI 


oun 

and ther 

paired 

you are to} 

to pronounce 

the second wor 

item, pronounce it when 

think you know what a 
It will not hurt 


1 if 


nounce each i 


than or 
nan one 


The major results of the experiment 
are shown in Fig. 1. 


Percentages of 


responses (R‘ 


correct o) are plotted 
as a function of amount of practice 
(N) grouped in blocks of two trials 
for the five conditions. 


of S-term 


The influence 


familiarization is greater 
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Fic. 1. Acquisition curves for a list of five 
paired associates as a function of practice 
under four different combinations of low 
(n = 0) and high (m = 20) frequency of stim- 
ulus (S) and response (R) term familiarization. 
(The Control group received no prior famil- 
larization experience. 
24 Ss.) 


Each curve contains 


than that of R-term familiarization, 
while the effect of the latter treatment 
is little different from having no 
familiarization at all. Total R+ 
scores for the various groups during 
the 17-trial period, given in paren- 
theses, were ordered as follows : Soo-R oo 
(735), Seo-Ro (689), So-Ro (542), Con- 
trol (524), So-Roo (504). The S-term 
difference is (1424— 1046 = ) 378 units, 
contrasted with an R-difference of 
only (1239—1231 = ) 8 units. An 
8 X 5 Type I mixed-factorial analysis 
of variance (Lindquist, 1953, p. 267) 
was performed on the R+ scores from 
which Fig. 1 was constructed. There 
were significant main effects of Prac- 
tice (F=157.29; df=7/805; P <.001) 
and Conditions (F=2.69; df=4/115; 
P < .05), but the interaction was not 
significant (F < 1.00; df = 28/805). 
In order to test for a learning-to- 
learn familiarization effect, the Con- 
trol group may be considered a base- 
line from which to measure possible 
generalized influences of the familiar- 
ization phase on the learning phase. 
A 3X1 simple-randomized analysis 
of variance (Lindquist, 1953, p. 47) 
was therefore applied to the overall 
R+ scores of the Control group and 
the two So groups, omitting both Soo 
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groups. The result gave no evidence 
of any nonspecific familiarization ef- 
fect (F < 1.00; df = 2/68; P > .20), 
so the three lowest curves in Fig. 1 
may be regarded as the same except 
for sampling fluctuations. There is 
neither a relevant response effect 
(So-Roo vs. So-Ro) nor an irrelevant 
stimulus-response effect (So-Ro vs. 
Control) that be attributed to 
the 300 trials of stimulation and 
pronunciation experienced during the 
familiarization phase. 

To evaluate two-factor 
and three-factor interactions, a 162 
xX2, NXSXR Type III mixed- 
factorial analysis of variance (Lind- 
quist, 1953, p. 281) was performed on 
the individual trial R+ scores for the 
four experimental groups only. The 
summary, shown in Table 3, indicates 
significant main effects of Practice 
(N) and Stimulus Familiarization (S). 
Neither the Response Familiarization 
(R) factor nor any of the interactions 
were significant sources of variance. 

Because R+ scores do not reveal 
any Practice X Conditions interac- 
tions, the facilitation due to S-term 
familiarization must be largely an 
initial effect followed by latter paral- 


can 


possible 


TABLE 3 


ANALYSIS OF VARIANCE OF CORRECT RE- 
SPONSES (R+) OF THE EXPERIMENTAL 
GROUPS DURING TRIALS 2-17 








Source df MS | F 

Between Ss | 95 
Stimulus (S) | 1 | 93.02 7.86* 
Response (R) 1 | .04 .00 
SxXR | 1 4.60 39 
Error (0) 92 11.83 

Within Ss | 1440 
Trials (N) | 15 57.99 | 84.30** 
SxXN 15 .70 1.03 
RX N } 15 44 63 
SXRxXN | 15 54 18 
Error (w) | 1380 69 

Total | 1535 

SP <A. 

*P < 001. 
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lelism. This hypothesis is confirmed 
by comparing the average number 
of trials or errors (R—) preceding the 
first correct anticipation of each S-R 
Most of these R- 
scores were omissions rather than late 
or overt 


pair in all groups. 
incorrect responses, sO no 
qualitative analysis of errors will be 
made. Mean R— scores required to 
attain this reaction-threshold criterion 
(averaged over Ss not S-R pairs) were 
ordered as follows: Soo-Roo (5.20), 
Soo-Ro (5.33), Control (6.28), So-Roo 
(6.88), So-Ro (6.95). A5 X 1 simple- 
randomized analysis of variance (Lind- 
quist, 1953, p. 47) of these data gavean 
F ratio of 2.79 (df = 4/112; P < .05) 
which is significant. Again, the major 
difference favors the two Soo groups 
over the So groups, with the Control 
group in the middle. Employing ¢ 
tests of the deviations of each pair 
of extreme groups from the Control 
group based on the within-groups o? 
(Lindquist, 1953, p. 91), we find sig- 
nificantly under the So 
(irrelevant n) combination and fewer 
errors under the So» (relevant m) com- 
bination (t=3.31; df=112; P<.01); 
however, the two component ratios are 
not significant individually (t> 1.69; 
df = 112; P > .05). By the second 


correct 


more errors 


(reinforced) anticipation all 


five groups have converged (F<1.00; . 


df = 4/110), and the speed of error 
elimination is essentially constant 
thereafter in agreement with Fig. 1. 
Observed group trends in R+ scores 
thus probably reflect unequal levels 
of proficiency (number of associates 
attained per trial) rather than differ- 
ential rates of learning (growth of 
habit strength). 

The results lead us to state that n 
has a facilitative influence on paired- 
associate learning only when familiar- 
ized items become the S members. 
Prelearning familiarization with the 
R members fails to produce any sig- 
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nificant result, and except for initial 
error effects there is no further inter- 
action between locus of familiarization 
(S vs. R) and amount of practice (N). 
In the light of these data, a simple 
stimulus-frequency theory of meaning- 
fulness (Cieutat et al., 1958: Under- 
wood & Schulz, 1960) must be re- 
untenable. We conclude 
that familiarization (m) does not pro- 
duce effects which are equivalent to 
those produced by meaningfulness 
(m), and that m and n are therefore 
independent variables affecting verbal 
behavior. 


jected as 


DISCUSSION 


Two principal questions are raised by 
this experiment: (a) Are the results com- 
parable with those obtained by 
investigators? (bd) 


other 
Assuming no arti- 
facts, what is the most reasonable inter- 
pretation of the current data? 

Com parability.—Eight laboratories have 
followed up Winzen’s (1921) work. 
Negative results in the Waters (1939), 
Mandler and Campbell (1957), and 
Bailey and Jeffrey (1958) experiments 
seem to be contingent on the use of CVC 
or CCC materials and very brief amounts 
or durations of familiarization. Contra- 
dictory findings reported in the Sheffield 
(1946), Weiss (1958), and Underwood 
and Schulz (1960) experiments are also 
associated with trigram material ; in addi- 
tion, the types and amounts of familiari 
zation as well as the transfer tests are 
different. In opposition to Winzen, the 
hypothesis coming from this second 
group of studies suggests that familiar- 
ization is effective only in the R position. 
Occasionally there were signs of decre- 


mental influences of S-term familiar- 
ization (Sheffield, 1946; Underwood & 
Schulz, 1960, Exp. I, IV), but these 


trends were neither significant nor con- 
sistent (Underwood & Schulz, 1960, Exp. 
Il). Although the latter experiments 
contain many ingenious features, there 
are difficulties in evaluating the R- 
facilitation and S-interference phenom 
ena because of rather complex familiar- 
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ization techniques, sophisticated Ss, and 
Statistical 
tests of interaction among the S, R, and 
N factors are frequently lacking. As 
Underwood and Schulz say of their Exp. 
I, I], and IV: ‘‘they have raised more 
issues than they have settled regarding 
the effects of stimulus familiarization”’ 
(1960, pp. 125-126). 

In support of Winzen, on the other 
hand, are the present data together with 
those of Morikawa (1959, Exp. II) and 


incomplete factorial designs. 


Cieutat (1960). Morikawa noted defi- 
nite S-facilitation in Japanese Ss when 
the R term was unfamiliar but little 


difference when the R term was familiar. 
A different procedural approach 
tried by Cieutat in that pronounceable 
items of low 


Was 


m value were used, but he 
varied exposure duration (0 vs. 60 sec.) 
of the two terms (S vs. R) rather than 
frequency and did not require verbaliza- 
tion. Another difference is that his Ss 
served in all four combinations of dura- 
tion and locus; however, both S and R 
were pronounced in the transfer period, 
as in this experiment, and the Ss were 


from the same population.  Cieutat 
found significant effects attributable to 
N and to the SX R interaction, the 
latter being observed as a weak S-term 
decrement under Ro, a strong S-term 
increment under Rego, and an _ overall 
main effect favoring stimulus familiariza- 
tion. (Referring to his Table 2, mean 
R+ scores for the So and Sgo conditions 
were 2.31 and 2.50, respectively, whereas 
means for Roand Reo were both exactly 2.41 
units.) Sustained viewing, possible inter- 
treatment interferences, and failure to re- 
quire articulation during the familiariza- 
tion period may account for the slight (sta- 
tistically marginal) inhibitory S-effect 
under irrelevant R-term familiarization; 
the absence of a reference level provided 
by an unfamiliarized control group pre- 
cludes firm inferences. This peculiarity 
is also characteristic of the Sheffield and 
Underwood-Schulz experiments. In one 
crucial respect, however, Cieutat’s data 
are quite consistent with Winzen’'s and 
ours; namely, the significant superiority 
of his Sgo-Ro treatment combination over 
that of So-Reo 
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The use of confounded and incomplete 
designs, unrelated or inadequate control 
procedures, Ss of heterogeneous experi- 
ence, diverse amounts of fa- 
miliarization, different learning materials, 
and varied methods of testing for transfer 
renders impossible any comparative eval- 
uation of the present findings in the same 
context with the above studies. About 
all that can be done from a constructive 
point of view is to urge that the reader 
be cautious in trying to resolve these 
conflicting reports, and to judge each 
set of experimental data in the light of 
itsown methodology. With the reminder 
that our procedure was standard in this 
research program (e.g., 


types or 


specific familiar- 
ization technique), and that it was de- 
signed to meet certain boundary condi- 
tions (e.g., two-term articulation during 
learning), we turn now to a tentative 
explanation of the results. 

Inter pretation. 
unequivocal 


The data permit three 
statements: (a) relevant 
S-term familiarization produced signifi- 
cant superiority in total R+ 
whereas relevant R-term familiarization 
had no influence; (6) when compared 
with the unfamilierized Control condi- 
tion, initial R— 
irrelevant S-term familiarization and de- 
creased after relevant S-term familiariza- 
tion; (c) 


scores 


scores increased after 


correct 
responses and extinction rates of incor- 


acquisition rates of 
rect responses both became independent 
of original familiarization following the 
first reinforcement in the list. 

Recalling the introductory discussion, 
a two-factor hypothesis may be suggested 
to account for the differential effects of 
m and mn in paired-associate learning 
under these conditions. The evidence 
indicates that m is sufficient to influence 
behavior via the S term alone (stimulus 
predifferentiation) whereas m is jointly 
to affect behavior via the R 
(response patterning). One 
sible explanation of S-term facilitation, 
considered earlier by the second author 
in connection with the complex famili- 
arization effects in serial learning (where 
the ‘‘perceptual’”’ and ‘‘motor’’ aspects 
of verbal learning are confounded), is 
provided by the principle of stimulus 


necessary 


term pos- 
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(Noble, 336). The 
core assumption, derived from the con- 
ditioning literature, is that 

exposure-articulation sequences 


constancy 1955, p. 
repeated 

during 
the familiarization phase will attenuate 
variability in S’s perceptual (e.g., orien- 
tation, and identifying (e.g., 
pronunciation) responses to the paired- 
associate S terms when the 
phase is encountered. 
that the stability 
and identifying responses grows in some 
negatively fashion with in- 
creasing nm (like habit strength or famili- 
arity), their facilitative influences ought 
to be early in the learning 
phase then subside later as paired-asso- 
Although less 
parsimonious than a simple frequency 
explanation, this notion helps to under- 
stand the consistent (but weak) S-effects 
of m which have been observed in a 
number of studies (Cieutat, 1959; Cieutat 
et al., 1958, Exp. I, II; Hunt, 1959; 
Morikawa, 1959, Exp. Il; Underwood & 
Schulz, 1960).' 

Our two-factor hypothesis implies a 
systematic view of the verbal learning 
process which is somewhat at variance 
with that held by Underwood and Schulz 
(1960). Their analysis of 
“‘response-recall’’ followed by 
tive hook-up” 


fixation) 


learning 
Assuming further 
of these perceptual 


accelerated 


maximal 


ciate training progresses. 


two-stage 
““‘associa- 
(reminiscent of Thorn- 
dikean selecting and connecting) postu- 
lates that frequency alone (e.g., n with- 
out reinforcement) is important for the 
first stage of learning, the second being 
related to meaningfulness (or pronunci- 
ability). So far we might agree, but 
they proceed from their ‘“‘spew’’ hypoth- 
esis, which is based on free-recall phe- 
nomena, yet “not relevant 
for stimulus familiarization’ (p. 100), 
to predict that (a) ‘rate of paired-asso- 
ciate learning should be an increasing 
function of amount of 


considered 


familiarization 


’ This tentative explanation does not pre- 
sume to account for the initial decrements in 
the So-Ro and So-Roo groups (relative to the 
Control), but it would not be inconsistent 
with a theory of stimulus variability to hy- 
pothesize that irrelevant 
the S-position produces 
stimulus trace generalization 


familiarization in 
interference via 


training given the response units of the 
list,’’ and (b) that ‘‘response familiariza- 
tion should facilitate learning consider- 
ably more than stimulus familiarization” 
(pp. 100-101). The emphatic lack of 
any R-term effect or of an R > S relation 
in the present data is clearly embarrassing 
to the Underwood-Schulz hypothesis. 
But is our evidence relevant? <A 
sophisticated critic might that 
this investigation (using pronounceable 
words and paralogs) is not a fair test 
of the ‘‘spew’’ hypothesis because it fails 
to satisfy some of the Underwood-Schulz 
boundary conditions (e.g., CVCs and 
the spelling method). Unfortunately, 
writers are neither 


objec t 


these very specific 


nor consistent such matters (cf. 
the familiarization procedures, transfer 
tests, and Ss in Exp. I vs. Exp. IV), 
but in one chapter (p. 95) they describe 
a hypothetical task where, even though 
the responses are 


about 


“well integrated” 
(pronounceable), prior differences in m 
are definitely 
“availability” 
the R terms. The 
appears to conform to general 
requirements; only the data are 
citrant, paradoxically. 
repeated 


alter the 
threshold?) of 
present 


expected to 
(reaction 
procedure 
these 
recal 
Considering their 
emphasis on the first 
process, incidentally, we 
that and Schulz are 
interested in initial performance and rate 


stage 
find it curious 
Underwood less 
measurements than in overall analyses. 


this 
experiment turns on our custom in this 


A second possible objection to 
series of having Ss articulate both terms 
in the paired-associate learning phase. 
It may be claimed that this requirement 
either (a) produces an unusual amount 
of S-term familiarization, or (b) shortens 
the effective anticipation interval for the 
So groups as contrasted with the Soo 
groups. Briefly (aside from the stand 
ardization issue), our rejoinder to (a) is 
that we believe double 
both to guarantee stimulus 
reception and to provide an unbiased 
test of differences between the manipu 
lated properties of the antecedent (S) 
and (R) Since all 
factors except temporal succession should 
be equated when evaluating the effects 


articulation is 
necessary 


consequent events. 
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of S’s built-in response to an S term upon 
his ability to anticipate its paired R term, 
it seems elementary to have the former 
occur just as frequently as the latter 
during the learning phase (cf. also the 


rationale of the correction method on 


erroneous trials). This Underwood and 
Schulz did not do, 


yet another difference between our pro- 


hence it constitutes 


cedures. Such a criticism could be 
turned around and directed at those 
who introduce biases favoring R-term 


familiarization. 

The distributed-practice argument (5) 
is more plausible, though it loses force 
in view of Hunt's (1959) report of null 
results in a Cieutat-Stockwell-Noble 
(1958, Exp. I) type of experiment in 
which half the Ss in each group articu- 
lated the paralogs while the other half 
did not. It is important to note that 
Hunt’s material, the same dissyllables 
of the m scale used herein, can be pro- 
nounced faster than CVCs can be spelled. 
Of course, no one can be sure without 
experimenting that S-R familiarization 
effects do not interact with distributional 
factors, but the likelihood appears slim 
in the present because Ss in all 
groups except the Control 
for 300 trials to pace their pronunciation 


case 
were trained 
responses at a l-sec. rate during the 
familiarization phase. Furthermore, the 
So-Ro group is slightly superior to both 
the Control and the So- Roo groups on R+ 
throughout the 
phase. The same phenomenon occurs 
in Cieutat’s (1960) study. 
and distributional hypotheses imply the 


performance learning 


Both “‘spew”’ 


exact opposite of these observations. 
Appropriate experiments to settle this 
will readily to 
readers; meanwhile, the second author 
has which 
indicates that type and tate of are also 
relevant. The S-articulation factor is 
yet to be explored. 

Our best judgment at the 
writing is that no serious artifacts or 
procedural errors are contaminating the 
interpretation 
repeat, however, the familiarization issue 
is not yet definitely settled. Much 


undoubtedly remains to be learned about 


question occur most 


some research in progress 


present 


presented above. To 


AND CLYDE E 


NOBLI 


the experimental control of » and the 
measurement of its effects. 


SUMMARY 


The role of familiarization () in paired- 
associate verbal learning was investigated. 
One hundred twenty Ss, divided into five 
independent groups of 24 each, were used. 
Four experimental groups were formed by all 
combinations of (S vs. R term) and 
amount (0 vs. 20 exposures) of familiarization, 
while a Control group received no familiari- 
zation experience. All groups then practiced 
a five-unit paired-associate list of dissyllables 
of low initial familiarity (f) and meaningfulness 
(m) for 17 trials 

rhe influence of relevant S-term familiari- 
zation was positive and significant (P < .01), 
but not that of relevant R-term familiariza- 
tion. Analyses of 
revealed no evidence of an irrelevant (learn- 
ing-to-learn) familiarization effect, nor of any 
interactions between S or R and amount of 
The initial effects of familiarization 


lox us 


correct responses (R-+) 


practice. 
on incorrect responses (R — 
(P < .05), causing decrements in the 


were also signifi- 
cant 
(irrelevant) So groups and increments in the 
(relevant) Se groups when compared with 
nonfamiliarized \fter the first 
correct (reinforced) anticipation, acquisition 
were 


controls 


rates of R+ and extinction rates of R 
uniform for all groups 

It was concluded that familiarization (n) 
and meaningfulness (m) operations do not 
produce equivalent effects on verbal behavior 
under these conditions. Contradictory re- 
sults from other laboratories were discussed, 
and a tentative two-factor hypothesis was 
presented as an attempted synthesis of the 
differential roles played by m and n in paired- 


associate learning 
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PAIRED-ASSOCIATES LEARNING WITH VARYING 
RELATIVE PERCENTAGES OF OCCURRENCE OF 
ALTERNATIVE RESPONSE MEMBERS! 


ALBERT E. 


GOSS anp MARILYN E. 


SUGERMAN 


University of Massachusetts 


The purpose of the present ex- 
periment was to investigate learning 
with divergent paired-associates (PA) 
units: each divergent PA unit 
sisted of a single stimulus member and 


con- 


two response members, one of which 
occurred on p% and the other of 
which (1-p)% of the 
presentations of the stimulus member. 


occurred on 


One of the two major variables was 
percentages (RP) of occur- 
the alternative response 
members of each unit; the other was 
number of units. 
Voss, Thompson, and Keegan (1959) 


relative 


rence of 


have reported what are apparently 
the first experiments on acquisition 
with divergent units under conven- 
tional conditions of PA learning. In 
Exp. I and II, a different one of six 
RP from 50-50 to 100-0 in 10% steps 
was assigned in counterbalanced fash- 
ion to one of the units of a six-unit 
list. In Exp. III], the same PA list 
was used, but one of five RP from 
50-50 to 90-10 was assigned to all six 
units. Whether the same Ss had all 


or but one of the RP, percentages of 


anticipations of the more frequent 
response member for RP from 60-40 
to 90-10 exceeded actual percentages 
those members. 
\nticipations of the alternative re- 
sponses of the 50-50 RP were at or 


olf occurrence ot 


50% 
below 50 0: 


‘Sponsored by the Office of Naval- Re- 
search under Contract Nonr 2691(00). Susan 


Gregory helped to prepare materials for the 


Farrick 


experiment, Nancy 


collection and analyses of data, and Alice 


Reilly aided in analyses of data. 


assisted in the 


The experiment comple- 
mented and extended those of Voss, 
Thompson, and Keegan. First, CVC 


nonsense trigrams of the present ex- 


present 


periment were more conventional in 
form and origin than their CVCC 
units from a newly developed list. 
Second, the one-unit and four-unit 
lists of the present experiment filled 
the gap below their list with the same 
RP for all six units. Third, the one- 
unit and four-unit lists constituted 
a further variable: number of diver- 
gent units in a list, each with the 
same RP. 
Number of 
because of the general importance of 
length of material for learning and 
performance. The one-unit value was 
selected in part because it was the 
minimum length. More importantly, 
the stimulus-response relationships of 
unit 
homologous to those of certain simple 
two-choice situations for human Ss 
involving a single first stimulus fol- 
lowed by one or the other of two 
stimuli, which 
sumably evokes a different response.* 


units was introduced 


a single divergent PA seemed 


second each of pre- 


2Simple two-choice situations which in- 
volve a single first stimulus followed only by 
one or the other of two second stimuli should 
be distinguished from those which involve 
a single first stimulus and not only one or the 
other of two second stimuli but also additional 
orrelated stimuli (e.g., one amount of reward 
accompanying one of the second stimuli and 
another amount of reward or loss of reward 
accompanying the other of the second stim- 
uli). Only findings and theory for the former 
situation are pertinent to learning with diver- 
gent PA units whose second stimuli are only 


the response members of a unit. 
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Accordingly, the one-unit list tested 
the generality of equations, such as 
Estes’ (1959b, p. 411), whose implica- 
tions for a single divergent PA unit 
with two response members are that 
the 
more frequent (or the less frequent) 
response member will approach actual 
percentages of occurrence of that re- 
sponse member in negatively-acceler- 


percentages of anticipations of 


ated fashion, at a rate independent of 
RP. Lists of divergent PA units 
can be conceptually decomposed into 
n single units’ The four-unit list, 
therefore, tested whether or not pre- 
dictions based on equations and find- 
ings for simple two-choice situations 
and also for a single divergent unit 
could be extended without modifica- 
tion to lists of more than one unit. 


METHOD 


Experimental design.—Six relative percent- 
occurrence of alternative 
members of each PA unit 
70-30, 80-20, 90-10, 100-0 


a four-unit list 


ages ol response 
(50-50, 60-40, 
were used with 
and with one-unit lists in- 
volving three conditions of presentations. 
(Hereafter the four-unit list and the three 
conditions of presentation are collectively re- 
ferred to as lists, list conditions, or L.) The 
three conditions of presentation controlled for 
possible differences in learning with four-unit 
and one-unit lists attributable to length and 
variability of time intervals between succes- 
sive occurrences of the same PA unit, and 
to the nature of the stimuli and Ss’ activities 
during those intervals. 

With a four-unit list, eaeh repetition of a 
particular unit is, on the average, separated by 
occurrences of the three other units. With a 
one-unit list, the time interval between each 
occurrence of the unit might be the same as 
the time interval between each of the four 
different units of a four-unit list. If so, the 
time interval between the single unit would 
be short and constant, while the time inter- 
vals between repetitions of the same unit in a 
four-unit list would be longer and variable 
The one-unit condition 


2-sec 


involved a constant 
interval between successive presenta- 
tions of the paired-associates unit. The one- 
unit spaced condition involved time intervals 
between successive presentations of the paired- 


associates unit whose average length and vari- 
ability of the time intervals between succes- 
sive presentations of that particular unit in a 
four-unit list 
did not control for differences between four- 


Che one-unit spaced condition 


unit and one-unit spaced lists with respect to 
rehearsal, associations with syllables of other 
units, and warm up. With the 
random condition, in order to minimize re- 


one-unil 


hearsal of the responses of a particular unit 
and to provide warm-up experiences as well 
as the possibility of associations between the 
syllables of that particular unit and those of 
other units, 
occurrences of the same paired associates unit 


time intervals between successive 


were filled by occurrences of pairs of syllables 


whose pairing random rather than 


constant. 
Subjects 


was 


Men 


rolled in the introductory course in psychology 


and women students en- 


at the University of Massachusetts partici- 
pated as Ss in partial fullfillment of course 
requirements Phe 24 combinations of RP 
and L run in 
cycles, with Ss being assigned to a particular 


were eight counterbalanced 
combination in order of its occurrence and 
e until there were 8 Ss in each 
a total of 192 Ss. Data from 
28 other Ss could not be used because of Es’ 
errors (N = 8), apparatus failures (V = 8), 
or Ss’ inability of refusal to continue (V=12 
Seven of the latter 12 were distributed among 
three RP with the four-unit list ; the remainder 
were distributed 
conditions 

Lists The CVC trigrams of the PA units 
of the four-unit and one-unit lists, with the 
recently obtained Archer (1960) association 
values in parentheses, were Wom (67 ) fol- 
lowed by TEX (100%) or LIK (91°), RUE 
(86%) followed by pot (94°,) or CEN (75% 
FES (69°) followed by vic 
(91%), and nav (72°;) followed by 
(90%) or sur (91° None 
one letter in common with any 


Ss’ appearance 
combination, 


among the three one-unit 


(97°) or BAI 


HOB 
has more than 
other rhe 
stimulus member and the one response mem- 
ber of each PA unit of a given trial were typed 
in elite capitals on the same line, 3 in. apart, 
on white paper, then attached to white 
plastic cards and presented by Hunter Card 
Master. 

(a) Four-unit. Each trial consisted of one 
presentation of all four of the stimulus mem- 
bers, eat h of Ww hic h was acc ompanied by one 
or the other of the two response members 
of that unit. Orders of occurrence of the four 
stimulus members during each trial, regard- 
less of occurrences of response members, were 
determined by selecting two groups of 10 of 
the 24 permutations of four events rhe 
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10 permutations of one group differed from 
Within 


10 permutations, 


those of the other group each of 


these groups of occurrence 
of a particular permutation was randomly 
determined. Since 120 trials were adminis- 
tered, each of the two groups of 10 permuta- 
tions was repeated in a sequence which was 
determined randomly, subject to the 
straints that each group of 10 permutations 


should occur 6 times and that neither group 


con- 


should occur more than 3 times in succession. 

For the 50-50 RP, wom was followed by 
LIK 50° of the time and by TEX 50° of the 
time, and similarly for the pairs of response 
members for RUF, FES, and NA\ 

Under each of the other relative percent- 
ages, TEX, DOL, VIC, and HOB occurred with 
the same larger or smaller percentage and 
LIK, CEN, BAL, and suR occurred with same 
smaller or larger percentage, respectively 
For example, for half of the Ss with RP of 
60-40, TEX, DOL, vic, and HOB each occurred 
on 60° of the trials while LIK, CEN, BAL, and 
SUR each occurred on 40% of the trials. For 
the other half of the Ss TEX, DOL, vic, and 
HOB each occurred on 40° % and LIK, CEN, 
BAL, and suR each occurred on 60% of the 
trials Thus, relative percentages of occur- 
rence of TEX, DOL, VIC, and HOB and of LIK, 
CEN, BAL, and were 
For the other RP, occurrences of 
of these two alternative 
were counterbalanced in the same way 

There were two constraints on the random- 


ness of 


SUR counterbalanced 
members 


sets ol responses 


occurrences of alternative response 


members of each unit. One constraint was 
that the particular RP would be realized for 
each unit within each of the two groups of 
10 permutations of orders of occurrence of 
The other constraint was 
that the patterns with which these RP were 
realized were the same through each of the 
six repetitions of each of the two groups of 10 
permutations 

(b) One-unit For each RP, 
eight one-unit lists, each of which 
of the units of the four-unit list with one or 
the other response member occurring more 
frequently. For the 50-50 RP, the 
of the alternative response members 
interchanged. Each list administered 
to a different S. 

(c) One-unit 


stimulus members. 


there were 
was one 


order 
was 
was 


spaced Length and vari- 
ability of time intervals between successive 
presentations of the unit were the only dif- 
ferences between one-unit and one-unit spaced 
conditions These intervals were obtained 
for each of the eight lists by inserting blank 
cards for the three PA units of the four-unit 
list which were not being used 
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(d) One-unit random. Instead of the blank 
| 


cards of the one-unit spaced condition there 
were pairs of syllables which had been formed 
by drawing 30 successive pairs of syllables 
it random from decks of 60 syllables. Each 
deck consisted of the nine Sy llables which were 
the members of the three units not being used 
There were 10 instances 
of each of three syllables which were stimulus 
three five in- 
stances of each of the six syllables which were 
Within the 30 pairs, 
each of the nine syllables was paired with 
each of the other eight syllables, 
was, on the average, a stimulus member half 
of the time and a response member half of the 
time 

Apparatus and procedures 
presented at a 2:2 sec. rate by 
Hunter Card Master Each exposure of the 
blank cards of the one-unit spaced lists was 
for 4. sec. The interunit interval of the four- 
unit, 
) 


4 Sec. 


as the constant unit 


members of these units and 


response members. 


and each 


Each unit was 
means of a 


and one-unit random conditions was 


rhe interunit interval and the intervals 
between units and 
blank cards of the one-unit spaced condition 


were each 2 se 


blank cards or between 
but counting the time re- 
quired for occurrences of blank cards, time 
intervals between successive presentations 
of the single unit ranged from 2 t 
about a mean of 20 sex 

Each of the units of the four-unit list and 
the single unit of the one-unit, one-unit spaced 
one-unit 


sented 120 times 


and random conditions was pre- 
Under the one-unit spaced 
condition, the 120 presentations of a unit 
alternated with 360 presentations of blank 
cards. Under the one-unit random condition, 
the 120 presentations of a unit alternated 
with 360 presentations of the randomly- 
formed pairs. 

Ihe same essentially standard instructions 
for paired-associates learning, with anticipa- 
tions spelled, were given to Ss in each of the 
24 combinations of conditions. They 
not told that each stimulus member might 


have alternative response members. 


were 


RESULTS 


For RP from 60—40 to 100-0, the 
response measure was percentage of 
anticipations of the more frequent and 


less frequent response member of each 
unit 
of 20 
60 trials under all four list conditions 
for all trials with the 


in each of six successive blocks 
trials each. During the last 


and essentially 
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TRIALS 


3. 1. Mean percentages of anticipations of the more frequent response members for successive 
20-trial blocks for each of the 24 combinations of RP and L 


one-unit spaced and one-unit random 
lists percentages of anticipations of 
the more frequent and less frequent 
response members for each percent- 
ages summed almost to or to 100%. 
For 
anticipations of 


only 
the 
presented. 


this reason percentages of 


more frequent 
For the 


measure for each unit 


members are 
50-50 RP, the 
was the average ol the percentages 
of anticipations of both response mem- 
the unit in 
block of 20 trials. 
istered the four-unit list, percentages 


bers of each successive 


For each S admin- 


of, anticipations. of response members 
for each of the four units were aver- 


aged to obtain a single percentage for 
Cal h block. 

Over-ali differences among combina- 
tions of conditions.—Figure 1 shows 
means of percentages of anticipations 
of more frequent response members 
for successive blocks for each of the 
24 combinations of RP and Lists (L). 
Differences trends for 
all six and during the last three blocks 
(T) the 
analyses of summarized in 


Table 1.* 


3 With the 100-0 relative percentages, Ss 
responded almost perfectly from Trials 21-40 


and Es’ 


among these 


of trials were assessed by 


variance 


on. In order to save both some Ss’ 
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rABLE 1 


ANALYSES OF VARIANCE OF PERCENTAGES OF ANTICIPATIONS OF MORE FREQUENT 


RESPONSI 


MEMBERS FOR ALL Six BLOCKS OF 


[RIALS AND DURING THI 


Last THREE BLOCKS OF TRIALS 


All Six Blocks 


For all six blocks of trials, Fs sig- 
nificant at or beyond the .01 level were 
obtained for RP, T, T X L, T & RP, 
and TX RP XL. The significant 
T X RP X L interaction reflects three 
aspects of the relationship among the 
curves of Fig. 1. One aspect is that 
which produced the T X L interac- 
tion. For Trials 1-20, percentages of 
anticipations for four-unit and one- 
unit random lists were markedly below 


those for one-unit and one-unit spaced 
By Trials 21—40 and thereafter, 
the percentages for the former two 


lists. 


lists were slightly above those for the 
latter When averaged 
across all 120 trials, the early lower 
and subsequent higher values of the 
percentages for four-unit and 
unit random lists yielded percentages 
across all 120 trials which were about 
the same as those across all 120 trials 
for the one-unit and one-unit spaced 


two lists. 


one- 


time, the last 40 trials were eliminated for 
15 Ss who were under 100-0 RP with four- 
units, One-unit spaced, and one-unit lists. 
For these three combinations, the Ns for 
those blocks of trials were reduced by 4, 6, 
and 5, respectively. Missing values for the 
last two blocks were estimated from cell 
the df’s of “within Ss” error variances 
were reduced by 30. 


means; 


Last Three Blocks 


F 


178.51** 
2.38 
1.67 


146.85** 
Ss awe 
vas 


1.44** 


Thus there was a T X L inter- 
but Fs for L and RP XL 
were not significant. 


The 


lists. 
action, 


that which 
produced interaction. 
The percentages of 
anticipations from Trials 1-20 to sub- 
sequent trials were successively greater 


second aspect is 
the T XK RP 


increments in 


in negatively accelerated fashion for 
RP from 50-50 to 80-20 or 90-10, 
but the increment for 100—0 was only 
about equal to that for 60-40; thus, 
there was an inverted-U relationship 
between these increments and RP. 
The third aspect is that, unlike the 
curves for RP from 60-40 to 90-10, 
the 50-50 for four-unit 
and one-unit random lists tended to 


curves for 


be slightly below those for one-unit 
and one-unit spaced lists even during 
the last 60 For 100-0, all 
four curves were about equal from 
Trials 41—60 onward. 

The F for RP reflects a direct rela- 
tionship between percentages of antic- 
ipations and actual percentages of 
occurrence which held not only across 
but also. within 
L and T. 

For the last three blocks of trials, 
neither the F for T nor Fs for inter- 


trials. 


combinations of 
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rABLE 2 


MEANS AND SDs OF PERCENTAGES OF ANTICIPATIONS OF MORE FREQUENT 


RESPONSI 


Four-unit 
One-unit random 
One-unit spaced 
One-unit 


actions involving T were significant. 


The RP XL 


that rank-orders of the four list condi- 


interaction indicates 
tions, differences among those condi- 
both differed RP. 
For 50—50 and 100—0, there were only 


tions, or among 


slight differences among the four list 
RP. 


with some inversions, the rank-order 


conditions. For the remaining 
of decreasing percentages of anticipa- 
tions was one-unit random, four-unit, 
one-unit spaced, and one-unit lists. 
The differences among list conditions 
for these RP were sufficient to produce 
the significant F for L. The signifi- 
cant F for RP reflects a direct rela- 
tionship between percentages of antic- 
ipations and actual percentages both 
across and within list conditions. 

Since there were no further changes 
in mean percentages of anticipations 
of the more Irequent response mem- 
bers during the last 60 trials, means of 
percentages of anticipations for Trials 
61—120 were computed as single, more 
reliable estimates of asymptotic per- 
centages (Table 2). Rates of ap- 
proach (6’) to these presumed asymp- 
totes were estimated by the equation 
derived by Voss (1958).4 Table 3 
‘ The equation used was 


np( x) p(n 


y 
1 


where @ is the estimate of learning rate, p( « 


is the estimated asymptote of percentages 


MEMBERS DURING 


RIALS 61-120 
Percentages cur RP 


90-10 100-0 


Mean n| SD 
95.3 5 04 
96.9 2.3 
94.0 0.0 
90,2 7 3 «0.2 


presents the values of 6’ obtained for 
all but the spaced, 60—40 
combination. (Because of a decrease 


yne-unit 


between earlier and terminal percent- 
ages, the 6’ for this combination could 
not be computed.) For each RP, the 
6's for the three one-unit conditions 
were, with two exceptions, larger than 
the corresponding 6’ for the four-unit 
list. Within each list condition, with 
some values of 6’ first 
those at 50-50 and 
then increased to highest 
100-0. 

Differences among specific combina- 
tions of conditions. 
of anticipations during Trials 61—120 
were also used for comparisons among 


inversions, 
decreased from 


values at 
Mean percentages 


specific combinations of conditions. 


rABLE 3 


VALUES OF 6’ FOR COMBINATIONS OF RP AND I 
RP 


50-50 60-40 70-30 80-20 90-10) 100-0 


Four-unit F o75 102 067 1346 
One-unit 
random 113 100 087 109 
One-unit 
spaced 678 106 204 
One-unit 131 079 06 305 


of anticipations of the more frequent re 


sponse member, nm is the number of trials, 


and & p(n) is the total number of occurrences 
1 


of the more frequent response in # trials 
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TABLE 4 


DIFFERENCES (d) BETWEEN PERCENTAGES OF ANTICIPATIONS OF MORE FREQUENT 


RESPONSE MEMBERS AND 
DURING TRIALS 61 


Relative Percentages of Occurrence 


50-50 60-40 


t -_ oe 
Four-unit 5 | 4.38** | —3.6] 0.82 
One-unit random +96 
One-unit spaced 6.2 | 
One-unit 1.3 


1.76 
0.53 


*P < .05 
*P < O1. df 


Mean for 100-0 were 
excluded from these comparisons to 
reduce heterogeneity of variances, 
and to eliminate the problem of some 
estimated percentages over the last 
40 trials. Also, the 100-0 RP differed 
from the others: while the 100-0 
could only be below or at 100%, the 
others could be below, at, or above 
the percentages of occurrence of the 
more frequent response member. 

A Duncan multiple range test 
(Federer, 1955, pp. 26-29) indicated 
that for RP of 50-50, 80-20, and 90 
10, there were no differences among 
the four lists conditions. For 60—40, 
the percentage for the one-unit ran- 
dom list was significantly larger than 
that for the one-unit spaced list. 
For 70-30, the percentage for the 
one-unit list was significantly smaller 
than the percentages for 
spaced and four-unit lists. 
percentages of 


percentages 


one-unit 
In general, 
anticipations for a 
particular list condition within each 
RP did not differ significantly from 
percentages of anticipations for that 
condition within RP 10% removed. 
Percentages of anticipations 
pared with percentages of response- 
member occurrence—For each RP 
except 100-0, Table 4 presents t’s for 


com- 


differences between mean percentages 


1.30 | 


THErR ACTUAL PERCENTAGES OF OCCURRENCI 
120 AND t's FOR THOSE 


DIFFERENCES 
RP) 
90-10 


t d t 


5.64** 
5.06** 
2.45* 
0.07 


ol anticipations of 
response 


more frequent 
and actual per- 
centages of occurrence of those mem- 
bers. The error terms of these t's 
were computed from the SD for each 
particular combination. Since Wil- 
kinson’s (1951) table indicates that 
eight of 20 ?’s significant at the .05 
level would occur less than once in a 
1000 times, the significant ¢t’s as a 
whole cannot readily be attributed 
to chance factors. For the four-unit 
list with RP of 50-50, the percentage 
of anticipations was significantly lower 
than 50%. All other significant t's 
are for percentages of anticipations of 
more frequent response members which 
exceeded their actual percentages of 
occurrence. For the four-unit list, 
differences for 70-30, 80-20, and 
90-10 were significant at from .05 to 
than .01. For both one-unit 
spaced and one-unit random lists, 
the differences for 80-20 and 90-10 
were significant at from .05 to less 
than .01. No difference for the one- 
unit list approached significance. 
Differences between sets of more fre- 
quent response members and among 
units of the four-unit list—Within the 
four-unit list, TEX, DOL, vic, and 
HOB occurred both more frequently 
and less frequently than their respec- 


members 


less 
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members, 
An analysis 
revealed no 


tive alternative response 
LIK, CEN, BAL, and SUR. 


of variance difference 


between the two sets of more frequent 


alternative response members. 

During the first three blocks of 
trials, analyses of variance indicated 
that there differences among 
units for both more frequent and less 
frequent occurrence of TEX, 
vic, and HoB. However, during the 
last three blocks, the units 
equivalent. 


were 
DOL, 


were 


DISCUSSION 


the results of this 
experiment are of particular importance. 
One is the effects of RP and L on rates 
of approach to and apparent asymptotes 
of percentages of anticipations of more 
frequent response members. The second 
is implications of the present results for 
the generality of 


Three features of 


and findings 
for two-choice situations with light stim- 
uli and a single unit. The third is the 
possible use of divergent paired-associ 
units to establish 


theory 


ates hierarchies of 
stimulus-response associations. 

Percentages of anticipations of the more 
frequent response member.—Over the last 
three blocks of trials, the Fs 
involving trials was significant. Thus, 
for each of the 24 combinations of RP 
and L, asymptotic percentages of antici- 
pations were apparently reached on or 
before Trials 61-80. Only with certain 
combinations of RP and L did asymp- 
totic percentages of anticipations of the 
more frequent response equal their actual 
percentages of occurrence. 

For 50-50, with both one-unit and 
one-unit spaced lists, the asymptotic 
percentages of anticipations were almost 
exactly 50%. But the estimated asymp- 
tote of 46.5% with the four-unit list 
was significantly below 50%, and the 
decrease from 50% with the one-unit 
random list, though not statistically 
significant, was almost as great. The 
remaining sometimes 
intralist intrusions which indicates that 


none of 


responses were 


these apparent decrements were largely 


due to interference from responses to 
the stimuli of other units of the four-unit 
and one-unit random lists. 

For 60-40, the smallest difference be- 
tween percentages of anticipations and 
actual percentages with the 
unit list. Even though the absolute 
values of the other three differences were 
up to 9.6%, none was statistically sig- 
nificant. With the one-unit list, only 
with RP of 70-30, was there a sizeable 
difference between percentages of antici- 
pations and actual percentages. But 
this difference, in the direction of fewer 
than 70% anticipations of the more fre 
quent member, was not sta 
tistically significant. The other three 
differences represented anticipations of 
the more frequent member 
exceeding 70%, but only that for the 
four-unit list was statistically significant. 

For 80-20 and 90-10, with the one- 
unit list the percentages of anticipations 
of the more frequent were 
almost exactly equal to 80% and 90%. 
But all of the percentages of anticipa- 
tions with the other three lists were 
significantly larger than 80% and 90% 
Thus, for all but the one-unit list, there 
is apparently some point between 60-40 
and 80-20 at which percentages of antic- 
ipations of the more frequent response 
member begin to 
percentages of occurrence. 


was one- 


response 


response 


response 


actual 
Occurrences 


exceed their 
of the alternative responses of each unit 
were semirandom rather than 
a circumstance which should facilitate 
matching actual percentages. Accord- 
ingly, those higher percentages of antici- 
pations than of actual percentages which 
were obtained may represent minimum 
rather than maximum differences. 

For almost all RP, 
anticipations with the four-unit and 
one-unit random lists seemed more 
similar to each other than to those with 
the one-unit spaced list which differed 
somewhat from the one-unit list. The 
former difference suggests that, whether 
the pairings of the stimuli between a 
particular unit were constant or random, 
the stimulation and activities associated 
with occurrences of those units had some 


random, 


percentages of 


differential effect on anticipations rela 
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tive to repetitions of a particular single 
unit separated by the same _ longer, 
variable intervals filled with occurrences 
of blank cards. For RP of 80-20 and 
above, the longer, variable intervals seem 
to occasion percentages of anticipations 
greater than the matching percentages 
obtained with the one-unit list. 
For 70-30, 80-20, and 90-10 
four-unit, one-unit random, and _ one- 
unit spaced lists, the results of the present 
experiment agree closely with Voss et al. 
(1959) findings of percentages of antici- 


with 


pations of more frequent response mem- 
bers larger than their actual percentages 
of occurrence. For these three list con- 
ditions, which are more similar to Voss 
et al. lists than is the one-unit list, there 
is only one pronounced deviation from 
their results: for 60-40, percentages of 
with four-unit and 
unit spaced lists were below rather than 
60% This may 
reflect chance factors, and hence is only 


anticipations one- 


above disagreement 
apparent, or it may represent replicat- 
able effects of one or more differences in 
stimuli, apparatus, and procedures. 
Generality of equations.—Further use 
of equations such as Estes’ (1959b, p. 
411) for predictions of acquisition with 
divergent PA units, without some modi- 
fication, apparently depends on _ the 
particular combinations of RP, number 
of units, and conditions of presentation 
of one-unit lists. With the one-unit list, 
asymptotic percentages for all RP and 
actual percentages did not differ signifi- 
cantly and only with 70-30 was the value 
of the difference of 
Thus, the 
without 


any magnitude. 
applicable 


this 


equation 
modification. 


seems 


However, 


relatively close fit of anticipations and 


actual occurrences has one perplexing 
feature: a closer fit would probably have 
been predicted with the longer, variable 
interunit intervals of the one-unit spaced 
list than with the short, interunit interval 
of the one-unit list (1959b, p. 421), 
while the results for the two lists were 
just the opposite. Conceivably the two 
conditions would not have had different 
effects had Ss merely waited during the 
longer, variable intervals 
looking at blank cards. 


rather than 
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With the one-unit spaced and one-unit 
random lists for RP of 80—20, 90-10, and 
perhaps of 70-30, and with the four-unit 
list for RP of 70-30, 80-20, and 90-10, 
asymptotic percentages of anticipations 
of the more frequent member exceeded 
actual occurrences. Furthermore, with 
the four-unit list and perhaps the one- 
unit random list for RP of 50-50, asymp- 
totic percentages were apparently 
than 50%. Thus, any 
equation must provide for predictions 


less 


satisfactory 


of asymptotic percentages of more fre- 
quent which, for 
specific combinations of RP and L, are 
less than, equal to, or greater than actual 
percentages of occurrence of those mem- 
bers. For 
recent extensions based on 
and pattern 
seem inadequate 


response members 


this objective, even more 
“component 
(Estes, 1959a) 
rate parameter 
with RP and L 


consistent 


models” 
The 
also seemingly varied 


in a manner roughly with 
Therefore, either 
values for this parameter must be deter- 
mined empirically for each specific com 
bination of RP and L, or an equation 
expressing @’ as a function of RP and L 


must be developed. 


Voss et al. findings. 


As predicted by equations and findings 
for two-choice tasks involving simpler 
stimuli and a single unit, the curves for 
most of the combinations of RP and L 
were negatively accelerated. The excep- 
tions were some for RP of 50-50, 60—40, 
and 70-30 with one-unit and one-unit 
spaced lists whose initial negative ac- 
celeration was completed so early in the 
first 20 trials, that their means for those 
trials essentially at 


were asymptotic 


percentages. 


Hierarchies of stimulus-response associa- 
tions.—The divergent PA unit may prove 
useful for experimentally establishing hier- 
archies of associations of two or more responses 
to what is ordinarily conceived as the same 
or a (Analytically, such 
stimuli may best be treated as constituted of 
n elements or as appearing in one or more of 
nm patterns each of which is associated with 
one fashion.) At 
present, hierarchies of stimulus-response asso- 


single stimulus. 
response in all-or-none 


ciations or of responses are usually inferred 
from hierarchies of responses to a stimulus 
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for large groups of Ss. On the assumption 


of the existence of hierarchies of responses 
to a single stimulus, a procedure for establish- 
ing such hierarchies on the part of individual 
Ss would have two advantages: (a) inferences 
from hierarchies for to those for 


individual Ss could be replaced by more direct 


groups 


_and presumably more precise specification of 
hierarchies for individual Ss, and (5) with 
different hierarchies of responses to the same 
stimulus, confounding of different stimuli 
with different hierarchies could be eliminated.® 

Following a suggestion by Hull (1930, pp 
244-245), Peterson (1956) tested a less direct 
procedure for establishing hierarchies of re- 
sponses to stimuli. The stimulus members 


of Peterson’s paired-associates were com- 


pounds of two nonsense syllables One re- 
sponse was < onditioned to one syllable of the 
compounds and two responses were condi- 
tioned to the other syllable of the « ompounds 
After the learning criterion has been attained, 
the syllables of the compounds were presented 
permit 
quencies of alternative responses to the syl- 
lable to which those responses had been con- 

\ disadvantage of 
acquisition ol 


separately to determination of fre- 


ditioned 
is that 
cannot 
test trials 


this procedure 
potential hierarchies 
be observed except by interpolated 
\lso, although Peterson was able 
to predict observed responses from his for- 
mula, the procedure involves the possible 
complication of adjustments for training with 
a stimulus in a compound and testing with 
the stimulus alone (Hull, 1943, p. 220 
Osgood and Anderson's (1957) task could 
(1960, p. 212) has 
sented analyses of responses after two or four 
trials with divergent PA units the pattern of 
which was interpreted as evidence against an 


>» Estes recently pre 


assumption of an hierarchy of responses to a 
Until data 
following 


single stimulus for individual Ss 
for test-trial more 
than one or two occurrences of the alternative 
available, both the 
generality of those findings and his interpreta- 
tion seem questionable 
data for the first 20 trials for individual Ss 
of the four-unit 50-50 combination of the 
present experiment disclosed that, in 18 of 32 
instances, one or the other response member 


performance 
members are 


response 


Examination of the 


was anticipated on 75% of the occurrences of 
a particular unit. 
have demonstrated 


Thus, Estes may simply 
that one or the other 
of the alternative stimulus-response relation- 
ships of a divergent unit, presumably because 
of pre-experimental 
siderably 
strength 


experiences, has con- 


and consistently greater initial 


be viewed as consisting of 10 paired-associates 
units each of which had three response mem- 
bers which occurred with percentages of .60, 
30, and .10. 
both a 


member, because of “backward associations,”’ 


However, since each name was 


stimulus member and a _ response 
it is difficult to specify the potential number 
of responses in a hierarchy. Thus, the name 
“Josephine” of Osgood and Anderson's illus- 
tration might be regarded as having not three 


but six different responses 


SUMMARY 


Acquisition with divergent paired-associate 
(PA) units was investigated as a function of 
six relative percentages of occurrences of 
alternative response members of a unit (RP) 
which varied from 50-50 to 100-0 in 10% 
steps, and of number of units, four or one 
In order to control for effects of time intervals 
between presentations of the same unit in 
the four-unit list and for events within those 
intervals, there three 
presentation of single 

interval 


were conditions of 
inits: (a) a constant, 
between each presentation; 
each 
presentation, and (c) the same variable, longer 
intervals filled with 


domly-paired stimuli 


(b) variable, longer intervals between 
presentations of ran- 
Eight undergraduate 
Ss were assigned to each of the 24 combina 
tions of RP and L wherein they had 120 trials 
with each unit of the four-unit list or with the 
single unit of the three one-unit conditions 

Across all six blocks of 20 trials each, and 
during the last three blocks, there was a 
direct relationship between percentages of 
anticipations of the more frequent response 
members and their actual percentages of oc- 
currence. Wuring the last three blocks, de- 
percentages of anticipations were 
with 
one-unit spaced, and one-unit lists 


creasing 
four-unit, 

Differ- 
ences in rate of acquisition were reflected in 
significant interactions of the six blocks of 
trials with RP, with L, and with RP and L. 

The RP X L interaction for the last three 
blocks of trials could be interpreted as reflect- 
ing differences among lists with respect to the 
degree to which percentages of anticipations 


obtained one-unit random, 


of the more frequent response members ap- 
proximated their actual percentages of occur- 


With the one-unit list, 
of anticipations were essentially the same as 
actual With four-unit, 
unit random, and one-unit spaced lists for 
80-20 and 90-10, and probably for 70-30, 
percentages of anticipations exceeded actual 
percentages 


rence percentages 


percentages. one- 
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Phe significance of these results for findings 
and theory for apparently homologous situa- 
tions involving simpler stimuli was discussed 
\lso noted was the possible use of divergent 
PA units tor establishing response hier irchies 
experimentally. 
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SEPARATING 


PERCEPTUAL AND LINGUISTIC EFFECTS 


OF CONTEXT SHIFTS UPON ABSOLUTE JUDGMENTS! 


DAVID L 


KRANTZ anp DONALD T. 


CAMPBELL 


Northwestern University 


In accordance with the usual strat- 
egy of parsimony in science, the effects 
of extreme upon 
judgment were interpreted 


absolute 
initially 
as illustrating a single process of rela- 
tivity of 
level. The inter- 
pretation of the data to be presented 


contexts 


judgment or adaptation 


most economical 
here necessitates the postulation of 
such 


two processes, both producing 
contrast effects in the same direction. 
One of these processes, transient and 
reversible, is found in both of two judg- 
mental languages, 
perceptual. The irreversible 
and specific to an unfamiliar, exper- 
imenter-defined response language, is 
designated semantic. 

Two papers published in 1958 inde- 
pendently suggest dividing the judg- 
mental phenomena currently grouped 
under Helson’s concept of adaptation 
level (e.g., Helson, 1947, 1948, 1959) 
into semantic or linguistic.effects on 


and is designated 
other, 


the one hand, and perceptual or end- 
organ effects on the other. One of 
these (Campbell, Lewis, & 
Hunt, 1958) argued that the 
tionally 


papers 
“‘situa- 
“novel,” ‘“‘arbi- 
trary” and “‘restricted”’ response lan- 
guage ordinarily used in the method 
of single stimuli could well have pro- 
duced the contrast 
from extreme anchors or extreme con- 
texts without 


relative,” 


effects resulting 


generating distortions 


1 This study is based upon an MA thesis 
done by the first author under the second 
author’s direction. Certain analyses beyond 
those reported in the thesis (Krantz, 1959) 
have been financed by ONR Project 7onr- 
450(11), W. A. Hunt, Principal Investigator 
Ihe authors are also indebted to Allen Par 
ducci for editorial suggestions. 


in identity judgments (had they been 
called for) or any perceptual illusion. 
That study then examined the effect 
of a shift in 
upon the 
stimulus, 


context of stimulation 
judgment of a 
employing a 


common 
judgmental 
language which was “‘absolute, exten- 
and extra-experimentally an- 
chored.”’ Finding the usual contrast 
or adaptation level effects, the paper 
concluded that such phenomena could 


sive, 


not be explained away as semantic 
artifacts. However, it did not raise 
the possibility that both semantic 
and perceptual effects are present 
in the typical judgmental assignment. 

The other paper suggesting a duality 
of processes was that of Stevens (1958) 
in which he argued that different phe- 
nomena were 
adaptation (in which end-organ re- 
ceptor-cell adaptation takes place) on 


involved in sensory 


the one hand, and in judgment (where 
redefinition of categories is involved) 
on the other, although previous ap- 
proaches treat the two as if the same 
process were involved. Here again, 
two processes were postulated with 
no explicit that both 
could be present in the same judg- 
mental task. the 
present study seem to require such 


assumption 
The outcomes of 


an assumption. 

The setting of the present study is 
the judgment of the lengths of white 
lines projected on a screen. A com- 
mon ‘“‘tracer’’ stimulus recurs in all 
phases of the experiment, in one 
phase interspersed among longer lines, 
in another phase occurring among 
shorter lines. One set of Ss judges in 


‘“‘inches,”’ the other uses an E-defined 
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response language for which the value 
“100” is “‘average.”’ The effects of the 
shift in context upon judgments of the 
common tracer stimulus areexamined. 


METHOD 
Slides were prepared which projected white 


lines of 13 different horizontal lengths, for a 
) 


.2-sec. duration, with a 2-sec. interstimulus 
interval. The slides were made by using 
black tape on clear glass 3} X 4 in. slides. 


Projected on the screen, the shortest line 
(No. 1) was approximately 6 in., the longest 
36 in., the middle ‘ “tracer” 
stimulus (No. 7) 20 in. (the exact values of 
the stimuli are presented in Table 1) and the 
vertical widths 3} in. The slides were 
organized in (here called 
“trials’’) within each of which the common 
tracer Stimulus 7 occurred once, the order of 
stimuli within a trial being random. For the 
Low Phase, the stimuli in each trial’ ranged 
from Stimulus 1 to Stimulus 7. For the High 
Phase, the from Stimulus 7 to 
Stimulus 13. Trials in the Transition Phase 
also spanned seven steps, graduating between 
the Low and High Phases. The three transi- 
tion trials ranged between Stimuli 3-9, 4-10, 
5-11 for Low to High and vice versa for a 
High to Low transition. Both a High-Low 
and a Low-High group were run for each 
combination of the other three experimental 
variables. 


‘common”’ or 


groups of seven 


range Was 


In the second experimental treatment 
variable, the “Inches’’ condition was _pre- 
sented to Ss with these instructions, ‘‘You 


are to judge these lines in terms of how long, 
in inches, they appear to be.” The “‘Rating”’ 
condition was introduced this way: 


You are to judge these lines in terms of a rating scale 
which you will construct during the course of the 
experiment When you see a line which appears 
“average in length’’ to you, judge that line with the 
number 100. If a line appears less than average, assign 
the number 95. If another line appears even smaller 
than the average line and smaller than the 95 one, use 
the number 90 to designate ‘“‘less, less than average.” 

In the same way, if a line is above average in length, 
assign the number 105. If another line is larger than 
the 100 average line and larger than the 105 line, assign 
the number 110. In other words, you can build your 
rating scale above and below the average rating of 100 
You are not restricted to the numbers I have given you 
The numbers I have given you on the reference sheet 
are only examples. In-between numbers, like 93 or 
106 are appropriate. You can use numbers less than 
90 or greater than 110. In other words, you are con 
structing a scale which shows the differing lengths 
of lines presented. Any system of numbers, such as 
in-between numbers or numbers above 110 or below 90 
are usable. The only stipulations are that you use 100 
as average and that if you assign a number to a particu 
lar length of line, the next time that line is presented 
you assign it the same number. Let me repeat, always 
use the same number for the same length of line; do 
not change your judgment ci the same line. 


KRANTZ AND DONALD T. 


CAMPBELL 


Let me review the categories or numbers on your 
reference sheet. The number 100 stands for the aver- 
age line; 95 for less than average; 90 for less, less than 
average; 105 for more than average; 110 for more, 
more than average 


In choosing this particular form of rating, 
there was an effort to eliminate the effects of 
“vocabulary exhaustion’’ (Campbell, Lewis, 
& Hunt, 1958) such as occurs when all of a 
restricted number of ratings have been em- 
ployed prior to a shift of context, and to ex- 
clude a deliberately relative or comparative 
usage by Ss which would allow them con- 
sciously to redefine values in the course of the 
experiment. 

The third experimental variable employed 
was Preshift Training, i.e., the length of the 
initial phase, presumably manipulating the 
persistence of the adaptation level established 
therein. “Phase 1"’ indicates the initial set 
of trials given, irrespective of the context 
employed. This period was followed by 
the transition (“Phase 2”). A final 
series of trials after shift of context is desig- 
nated “Phase 3.’" In the Short condition, 
five Phase 1 trials were used; in the Long 
condition, 15. 

The fourth variable was the degree of 
illumination, which was presumed to affect 
stimulus discriminability. Under the Bright 
condition, the projected lines registered .73 
apparent ft-c. Under the Dim condition a 
neutral density filter reduced the brightness 
to .32 apparent ft-c. The background bright- 
ness of the screen was .26 apparent ft-c for 
both illumination conditions. 


series 


These four dichotomies generate 16 experi- 
mental treatments. For each of these, 20 Ss 
were obtained, a total of 320 Ss. The Ss 
were drawn from introductory classes in 
psychology. They were tested in groups of 
four to six, seated in two rows, 13 and 16 ft 
from the screen. Experimental sessions were 
randomly assigned to treatments, with the 
restriction that all 16 treatments be evenly 
represented during all periods of the three 
month course. In two successive quarters 
the experimental design was replicated with 
10 Ss in each cell.? 

The Ss recorded their own judgments in a 

2 One session of 6 Ss (in treatment High- 
Low, Rating, Short training, Dim illumina- 


tion) was discarded because of extremely 
aberrant results. This session was subse- 
quently rerun twice with different Ss to 


confirm the aberrance, attributable to intra- 
experimental history (Campbell, 1957). It is 
felt that this substitution of the rerun group 
data rather than reduces the 
replicability of the study’s findings. 


augments 
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rABLE 1 
MEAN JUDGMENT OF EACH STIMULUS DURING FiRsT Five TRIALS OF PHASE 1 
Low ( ext High Contex 
Stimulu St ulu 
Number _— Mea Mean Number —_ Mea Mean 
ms Judg Judgment In idgment Judgment 
Inches Rating Inche Rating 
1 6.1 3.74 79.9% 7 20.2 12.74 90.98 
2 9.0 5.37 88.99 8 23.0 14.38 94.00 
3 11.0 6.75 92.48 9 25.0 16.95 97.78 
t 12.4 7.80 96.09 10 28.1 20.90 101.74 
5 15.8 10.77 102.55 11 31.3 23.32 103.72 
6 18.7 13.32 106.29 12 33.1 27.16 108.21 
7 20.2 17.21 111.77 13 35.8 31.59 112.63 
Mean 9.28 96.87 Mean 1.01 101.29 
Note Preshift training and ability condit woled, N 80 Ss pe c 
booklet of slips with each page allowing 10 being the steeper in this case. When rating 


judgments Twelve Ss were discarded for 


getting out of step with the stimulus presen 


tation and for incomplete records Excess 
Ss over the 20 required for each treatment 
were discarded by the use of random numbers 


RESULTS AND DISCUSSION 


While the statistical analyses to be 
presented have been done separately 
for each judgment language, in Fig. 1 
and 2, there is an effort to show both 
sets of results on the same graph. 
This necessitates computing a con- 
version factor between the two judg- 
ment languages, which in turn neces- 
sitates examining data on judgments 
of stimuli other than Stimulus 7, data 
not otherwise used. Because of their 
relevance to the attempted translation 
between the two languages, and to the 
more general problem of the relation- 
ship of stimulus and judgmental dis- 
tances, these data are presented in 


Table 1. 


rhe data do not lead to any univocal con- 
version ratio. If ratings be plotted against 
stimuli, the plots are satisfactorily linear, but of 
differing slope for the two contexts, the High 
context being the flatter If judged inches 
be plotted against stimuli, the slopes depart 
slightly from the 


direction of acceleration 


linearity in unexpected 
for both 


High and Low contexts, with the High context 


positive 








means are plotted against judged inches, the 
Low context slight bowing, and a 
steeper slope than the High context. As an 
approximate average of the slope of the two 
contexts, a ratio of 1 in. = 1.50 rating points 
has been chosen for the purpose of graphing 
Fig. 1 and 2 


shows a 


Ihe graphs have been centered 
the for the contexts of the 
column means of Fig. 1, i.e. 15.64 in. and 
99.08 rating points. Because of the differing 
slopes for the two contexts, this represents a 
more arbitrary decision than had been hoped 
for. 


on mean two 


In Fig. 1 and 2, all data represent 
judgments of the same tracer stimu- 
lus, No. 7, and all connected points 
represent judgments by the same 40 
Ss. From the Phase 1 
between the corresponding High-Low 


differences 


and Low-High groups, one can see 
that the expected contrast effects 
emerge. The striking shifts in each 
line between Phase 1 and Phase 3 are 
likewise uniformly the expected 
direction. But perhaps most dra- 
matic is the difference in overall pat- 
tern between the and Rat- 
ings conditions, a difference which 
provides the central problem of inter- 
pretation. 


in 


Inches 


the 
analyses 


A summary of 


independent 


Six 
variance, 
shown in Table 2, provides statistical 


results of 


ol 
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Fic. 1. 


Mean trial-by-trial judgment of tracer Stimulus 7 for Long training condition. 


Dise riminability conditions pooled, N =40 for each point 


confirmation of 
for 


the overall pattern 
and Ratings conditions. 
In the Phase 1 analyses, the mean 
of each S’s judgment of Stimulus 7 
during the last four trials of Phase 1 
has been 


Inches 


used, since this set of re- 


sponses is comparable across Preshift 





Training conditions. For both re- 
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Fic. 2. Mean trial-by-trial judgment of 


tracer Stimulus 7 for Short training condition. 
(Discriminability conditions pooled, N=40 


for each point 


sponse languages, the main effect of 
context is highly significant and is the 
only significant effect. As graphically 
illustrated in Fig. 1 and 2, the effect 
is greater for the Ratings. Discussion 
of outcomes such as these frequently 
imply that the difference between 
the F ratios is itself significant. 
Rarely, however, is this higher-order 
significance tested. Bradley and Schu- 
mann (1957) have recently provided 
an F test among Fs appropriate for 
parallel experiments such as the pres- 
ent one. By their criteria (w’ = 21.32, 
a’ = 33.47, 6b = 76, P < .05, mini- 
mum w’ 95 = 1.85),* the effect is signifi- 
cantly greater for the Ratings condi- 
tion. This is one of the major findings 
of this study. 


3The tables supplied by Bradley and 
Schumann provide w’ values only at 5% 
level of significance These minimum w’ 


values will be presented in parenthesis follow- 
Note that the ob- 


tained values greatly exceed these minimums 


ing the obtained values. 








EFFECTS OF CONTENT 

The 
upon the means of each S’s judgments 
of Stimulus 7 in the 10 Phase 3 trials. 
Here the effect of context is highly 
significant for the Inches condition. 
(That the F of Phase 3 Inches seems 
more significant than that of Inches 
in Phase 1 is due primarily to reduced 
variability which is presumably at- 
tributable to the greater amount of 
practice and to scores based upon 10 
judgments rather than 4.) As seen 
in Fig. 1 and 2, the effect of context 
on Ratings is weak and in the opposite 
direction from that on Inches. This 
main effect (P < .05) is graphically 
clear only for the Long Preshift Train- 
ing. 
effects Fs between Ratings and Inches 
is highly significant by the Bradley 
and Schumann (1957) test (w’ 7.94, 


Phase 3 analyses are based 


The difference in Phase 3 context 


a’ = 4.23, 6 76, P <.05, minimum 
w’ 05 = 3.18). 
Note the apparent inconsistency 


SHII 
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In the graphic presentation 
of trial-by-trial results of Fig. 1 and 2, 
the Inches judgments show complete 


greater. 


reversal with the reversal of contexts, 
the 
In contrast, the Ratings never 


the lines crossing in transition 
phase. 
cross over, the direction of difference 
in Phase 3 remaining the same as in 
Phase 1. 


In the Phase 3 nalysis, 
lraining is significant at 


Minor Findings 
the effect of Preshift 


the marginal 5% level for the rating groups 
Those groups with shorter Phase 1's give 
lower ratings in Phase 3. This main effect is 
almost wholly contributed by the Low-High 


groups with the Short Phase 1 
rhe findings of the Phase 1-Phase 3 Shift 
analysis 


are not to be confused with a test of 


the significance of the Phase 1-Phase 3 shift, 


the uniformly high significance of which is 
reported below. Rather, the Phase 1-Phase 3 
shift analysis shown in Table 2, examines the 


than 
rhe score employed for 
each S is the difference in mean judgment be- 
tween the last 4 trials of Phase 1 and the 10 
trials of Phase 3, the direction of subtractio 


effects of treatments other 
the amount of shift 


Ph ise upon 


ol the Phase 1 and Phase 3 findings. being reversed between High-l ow and Low 
For Phase 1 both response languages High groups so that all changes in the ex 
show context effects in the same direc- — P& “ae contr a dire “_e are _tagenigge Phe 
. . . . - E : inalysis Was designed primarily to demor 
tion with Ratings being larger. For 
‘ ith atINES 5 “ad | S strate the expected effects of Discriminability 
I hase 3 the context effects are in and Preshift Training on stability of the adap 
different directions, with Inches being tation level, or upon the differential occur 
TABLE 2 
F VALUES FROM ANALYSES OF VARIANCI 
Phase 1 Phase 3 | 1-1 3 
Judgmer Judg t S 
» 1 
Inche Ratings Inches Rating Inches Rating 
Order (context) (O 1 11.95** |254.79***| 40.99*** 5.16* 2.42 18.48*** 
Preshift training (1 1 79 2.27 .29 5.12* 1.99 +.16 
Discriminability (D 1 1.40 1.34 47 3.47 1.22 22 
Ox 1 05 02 BY 2.66 54 1.85 
OxD 1 55 1.02 01 43 1.14 1.08 
rx D 1 54 34 23 37 97 57 
OxTxD 1 .00 .25 20 62 02 01 
Within groups (./7S)* 152 | (23.20 (60.35 (21.52 (84.27 (8.72 (42.98 
Inhomogeneity of 
variance 1/20 1.60 1.8 2.42 1.24 2.79 +.87* 
*® Mean squares shown in parentheses, rathe han Ff 
°*P < 05 
eP < OI 
oe P < .001 
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assimilation and contrast illusions 

Of the 320 Ss, only 20 had nega- 
tive scores and these were individually insig- 
nificantly different from no shift at all. 


rence of 
among Ss 


rhus, 
this setting produced no persons who were 
significant assimilators, unlike two other 
settings in which these effects have been ex- 
amined (Campbell, Hunt, & 1957, 
1958; Campbell et al., 1958). 

The significant main effect for Order for 
shift is conceptually an interaction 
with the counterbalancing treatments. The 
shift is greater under the Low-High order than 
under the High-Low. This is very significant 
for Ratings and the trends for Inches are in 
the same direction. Note that the significant 
heterogeneity of variance casts suspicion upon 
this one analysis. 

For Discriminability treatments, all effects 
are convincingly absent. For Preshift Train- 
ing, effects are generally absent, with the 5% 
level findings for Ratings being in the direc- 
tion of greater shift under Short Phase 1 
treatments, a finding similar to that of John- 
son (1949). While this effect is primarily con- 
tributed by the one Low-High Short Rating 
group, which also accounts for the Phase 3 
Training main effect, slight trends are in the 
same direction for High-Low Ratings, 
also for the two Inches comparisons. 


Lewis, 


scores 


and 


Possible Interpretations.—To return to 
the initial findings presented, our pre- 
ferred interpretation for the striking dis- 
crepancies between the Phase 1 and 
Phase 3 analyses is this: The symmetrical 
and reversible findings for Inches repre- 
sent the operation of a single perceptual 
contrast This process 
present, and reversible, for the Ratings 
judgments, but in addition, the Phase 1 
Ratings data contain a second process of 
defining perceptual equivalents for novel 
judgmental terms. That this operates in 
an adaptation level (Helson, 1947, 1948, 
1959) fashion is indicated in Table 1 by 
the closeness with which the mean ratings 
of all stimuli approach the designated 
“average’’ value of 100 in all treatments. 
Of the Phase 1 effects of context on 
Ratings (of the tracer Stimulus 7) about 
one-half is attributed to this adaptation- 
level definitional process, the other half 
to the perceptual contrast effect. This 
definitional process is deemed irreversible 


process. is also 


without explicit retraining involving in- 
structional feedback. 


This irreversibility 


KRANTZ AND DONALD 


rl. CAMPBELL 


is particularly strong under our instruc- 
tions, ‘‘always use the same number for 
the same length of line,”” but would prob- 
ably be so under usual single stimuli in- 
structions, except in so far as ‘‘vocab- 
ulary exhaustion’ (Campbell, Lewis, 
& Hunt, 1958) forced redefinition. In 
Phase 3, the experimentally reversed 
perceptual contrast effect and the per- 
severating definitional contrast effects 
tend to cancel each other just as they 
augmented each other in Phase 1. 

This interpretation leads to the ex- 
pectation that the magnitude of the 
Phase 1-Phase 3 shift for both Inches 
and Ratings should be the same, inas- 
much as both are primarily affected by 
perceptual contrast effect, resulting from 
the experimental context reversal. While 
our choice of a common graphic scale 
for Fig. 1 and 2 was a somewhat unsatis- 
factory compromise, the method of se- 
lecting it was independent of the Phase 
1-Phase 3 shifts. Hence, the degree to 
which the shift magnitudes turn out to 
be similar for the two judgmental lan- 
guages encourages this interpretation. 
Note particularly in Fig. 1 the parallel 
course which the two High-Low lines 
take, and similarly the two Low-High 
lines. Graphic superposition (not shown 
here) shows them to be practically in- 
distinguishable. We anticipate that were 
a more unequivocable psychophysical 
scale equivalence to be achieved, as 
through a study in which all 13 stimuli 
occur in each “‘trial’’ with an unchanging 
‘“‘phase,’’ the magnitudes of our Phase 1- 
Phase 3 shifts would not significantly 
differ when translated into the common 
metric. 

Some other indirect evidence for the 
equivalence of shifts under the two con- 
ditions comes from the ¢ ratios for shift, 
computed by pooling all Discriminability 
and Preshift Training conditions. For 
Ratings and Inches, respectively, these 
were 11.92 and 11.33 for Low-High, and 
10.95 and 11.34 for High-Low (df = 79, 
P < .001, each case). If the ¢ ratios can 
be used as comparable measures of 
magnitude of effects (since the number 
of Ss are equal), the effects are strikingly 
equivalent, with not the slightest trend 
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toward statistical significance of differ- 
ence. This as evidence for equivalence is 
of course quite inferential. However, the 
mode of inference is quite independent 
of that upon for- 
mula employed in the graphs: The ap 
proximate agreement of these two inde- 
pendent forms of inference is taken as 
encouraging the retention of the hypothe- 
sized two-process interpretation. 
The temporal weighting of experience. 

The attractiveness of the 
interpretation may be increased by con- 


based the conversion 


two-pro¢ ess 


sidering an alternative uniprocess theory 


which would presume quite different 
weighting parameters in the temporal 
accumulation of experience under the 
two conditions. Three temporal weight- 
ing outcomes can be considered: a pri- 
macy which the 


experiences would 


effect, in visual 
greater efiect 
than later ones in determining the adap- 
tation level at any given time; a recency 
effect, in which the adaption level would 
be predominantly 


first 
have 


determined by very 
recent experience; and an equal temporal 
weighting outcome, in which all experi 
(within the experimental 
would be equally weighted. 
Inches judgments, as seen in Fig. 1 and 
2, clearly effect. 
The reversibility is almost complete, the 


ences 


session 
at least) 
show a strong recency 
two curves cross almost at the center of 
the transition phase. Apparently only 
the current trial stimuli or the ones just 
preceding are having much influence on 
the adaptation level against which the 
tracer stimulus is being judged. 

In contrast, the Ratings fit perfectly 
a model of equal temporal weighting. 
Under this assumption, the judgments 
of Stimulus 7 for the High-Low and the 


Low-High groups should converge at 


that trial at which the total of experi- 


mental stimuli presented was the same, 
for at that point, each would be judged 
against the same adaptation level. 
the Short this would be at 


Trial 14, i.e., when the number of Phase 


For 
treatment, 
1 and Phase 3 trials were equal. This is 


exactly what happens. For the Long 


groups, this would happen at a projected 


Trial 33. From Fig. 1 it seems plausible 


CONTEXT SHIFTS UPON JUDGMENTS 41 


that this might occur although a slight 
primacy effect is also plausible. 

While each of these uniprocess inter- 
pretations is plausible, it does not seem 
reasonable that so small a difference in 
conditions as the reporting language 
could make such a fundamental differ- 
ence in the perceptual and memory 
processes as to provide an equal weight- 
ing in one instance and a recency weight 
ing in another. Furthermore, a 
specific recency effect is probably 
general rule for all 
both 
memory. 


time- 

the 
system 
adaptation 
For example, end-organ 
adaptation as involved in judgments of 
temperature, salinity, brightness, etc. 
all show recency effects so dominant that 
the primacy-recency 
temporal 


nervous 
processes, end-organ 


and 


problem, or the 
problem in any 
form, is almost never raised. In judg- 
ment studies, Parducci (1954, 1959) and 
Campbell, Lewis, and Hunt (1958) have 
found recency effects, and recency effects 
are to be inferred from Johnson’s (1949) 
data. effects likewise 
universal in learning, even if concomitant 
with and occasionally disguised by 
primacy effects (e.g., Miller & Campbell, 
1959). 

Accepting the dual-process interpreta 
tion would lead that 
inferences as to temporal weighting made 
from single-reversal studies using the 
method of single stimuli in its usual forms 
are erroneous. 


weighting 


Recency seem 


to the conclusion 


would include 
experiment (1947, pp. 
16-17) used to justify equal temporal 
weighting, and the studies of Campbell, 
Hunt, and Lewis (1957, 1958) 
Segall (1959). The two-process 
pretation would predict that 
weighting is general 


These 
Helson’s early 


and 
inter- 
recency 
that 
weighting or primacy 


more and 


apparent equal 


effects are a function of the semantic 


The 


crucial 


rather than perceptual effects 


evidence assembled here is not 
for the two-process interpretation. \ 
more definitive approach would be mul 
studies of a 


tiple reversal Low-High 


Low-High nature. With increasing num- 
bers of reversals of context, the semanti 


factors should decrease in salience, allow- 
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ing the perceptual aspect to be manifest 
more directly. 


SUMMARY 


The effects of divergent and shifting stim- 
ulus contexts upon the judgment of a com- 
mon tracer stimulus were measured for the 
task of judging lengths of lines projected on a 
screen For judgments made in inches, a 
reversible perceptual-contrast — effect 
Judgments made with an 


uncrowded numerical rating scale showed in 


was 
demonstrated 


addition a response-definitional contrast ef- 


fect augmenting the apparent contrast eflect 
in the initial phase and persisting into sub- 
doubt 
upon previous estimations of the appropriate 


sequent phases. These findings cast 
temporal weighting of stimuli in contributing 
Effects of 
discriminability and preshift training are also 
examined 


to an adaptation level stimulus 
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EFFECTS OF FOREPERIOD, FOREPERIOD VARIABILITY, 
AND PROBABILITY OF STIMULUS OCCURRENCE 
ON SIMPLE REACTION TIME! 


D. H. 


DRAZIN ? 


Oxford University 


Only recently has any systematic 
attempt been made to elucidate the 
relationship between the simple reac- 
tion time (RT), the foreperiod of the 
reaction (interval between warning 
signal and stimulus), and the varia- 
bility of Klemmer 
(1956) found that when the foreperiod 
was varied at within a 
tangular frequency distribution, mean 


the foreperiod. 


random rec- 
RT increased as the mean foreperiod 
and range of foreperiods were sepa- 
rately increased. 
employing 


In a further study, 
normal distributions of 
foreperiods, Klemmer (1957) adduced 
evidence in support of the hypothesis 
that the mean RT direct 
proportion to S's uncertainty as to 


varies in 


the timing of the stimulus, this un- 
certainty arising from two sources, 
variable error in S’s time-keeping and 
objective foreperiod variability. He 
estimated the former component on 
the tests, in 
which S was required to reproduce 
intervals equal to the mean _fore- 
periods of matched simple reaction 
tasks. Corresponding foreperiod and 
prediction 


basis of ‘‘prediction”’ 


summed 
and a conversion made to information 
measure (bits) relative to the uncer- 
tainty of the individual S’s predictions 
of a 1-sec. interval. 


variances were 


1 Based on a thesis submitted in partial 
fulfilment of the requirements for the DPhil 
degree at Oxford University. The author 
wishes to express his gratitude to his super- 
visor, H. Kay, for advice and encouragement, 
and to the Department of Scientific 
Industrial Research for financial support. 

2 Now at the RAF Institute of Aviation 
Medicine, Farnborough, England 


and 


Although Klemmer’s “informational 
hypothesis” offers an explanation of 
the relationship between mean R1 
and the the fore- 
period frequency distribution, it pro- 


parameters ol 


vides no account of the relationship 
between 
the 


RT and the foreperiod of 
individual reaction 
foreperiod). While it 
that Klemmer 
no evidence of effect, con- 
trary findings (Breitweiser, 1911; 
Karlin, 1959; Mowrer, 1940: Telford, 
1931; Woodrow, 1914) ol some con- 


sistency are on record and evidently 


(immediate 
must be 
(1956) 


CON - 
ceded found 


such an 


require some explanation. 
The present experiments, employ- 


ing continuous rectangular foreperiod 


distributions, gave rise to pronounce d 
RT-foreperiod curves comparable to 
those previously reported. It is shown 
that the form of the RT-foreperiod 
curve is systematically dependent on 
the parameters of the lorepe riod fre- 
quency distribution. The effect of 
probability of stimulus 
was also examined. 


occurrence 
his variable is 
of special interest in connection with 
the common practice of administering 
a small trials 
(wherein the stimulus does not occur) 


proportion of check 


so as to minimize the frequency of 
anticipatory reactions. 


METHOD 


The S received i 50-cps warn 


ing tone, which also 


A pparatus 
served to mask extra 
ibout the labor 
through close-fitting headphones The 
ulus was the onset of a Hivac 
lamp which S observed against 


neous noise in and itory, 
stim 
CCIL neo 
i black back 
18 in The 


ground at a distance of warning 
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tone and stimulus remained on until S had 
responded by reaction key with 


The time record- 


pressing a 
the preferred index finger 
ing equipment was stopped when a force of 
120 gm. was applied to the key 

intervals were 


Foreperiod produced at 


random within a continuous rectangular dis- 


tribution, for preset values of minimum 
range ol 
relays and 


One time-delay, 


foreperiod and foreperiods, by a 
condenser-resistance 
preset to the 
foreperiods, cycled con- 
tinuously, relay momentarily at 
regular intervals. Another time-delay, initi- 
ated by E, closed a self-latching relay after 
an interval preset to the required minimum 
foreperiod. The simultaneous closure of both 
relays triggered a final relay 
which switched on the stimulus lamp. In 
order to ensure that & started the sequence of 
events in random phase with 


system ol 
time-delays 
required range of 


closing a 


self-latching 


the cycling 
timer, all relays were silenced and care was 
taken to render the variability of the inter- 
trial interval large in relation to that of the 
longest range of foreperiods employed. These 
precautions succeeded in producing foreperiod 
distributions which were not to inspection 
discriminable from rectangular. 

The occurrence or nonoccurrence of the 
stimulus on a given trial was determined by 
the terminal which 
rotated for a random period (the foreperiod 
which that 
between a selected set of wipers and the central 


state of a_ uniselector 


and was so connected a circuit 
pole of the selector switch was made on random 
trials according to a preset probability 
Individual foreperiods and RTs were re- 
corded as cycle counts of a 1000 cps quartz 


crystal oscillator on decade counters 


TABLE 1 


DESCRIPTION OF CONDITIONS: Exp. I AND II 


Experiment I* 


Probability 
of Stimulus 


Range of 
ond. | Foreperiods 
Sec Occurrence 


0 
9 
iD 
0 
9 
5 
0 
9 
5 


— eee DO DO DD 


* Mean fore] 
Range of 
stimulus occu 


DRAZIN 


Procedure 
reported. The 
lable 1. 


constant 


Iwo separate experiments are 
described in 
In Exp. I, mean foreperiod was held 
throughout at 1.5 sec., range of 
foreperiods and probability of stimulus oc- 
variables in a 3 X 3 


conditions are 


currence serving as 
factorial design 
The Ss attended 5 


each of 50 min 


practice and 12 test 
sessions, 
weeks 
trials in each condition, were run daily during 
the first week, the conditions being held in 
the same order every day. 


,overa period of three 
The practice sessions, comprising 30 


The test sessions were run daily during 
the following two weeks. All probabilities 
of stimulus occurrence were always given in 
immediate succession for each range of fore- 
periods; though sequential effects of range, 
and of probability within each level of range, 
were completely counterbalanced within each 
set of six sessions. Ten warm-up trials were 
held prior to the first test run at each range, 
every run consisting of 30 trials as in the 
practice sessions. 

In all sessions S was informed of the condi- 
He was instructed 
to respond as soon as possible after seeing the 
stimulus, while taking care not to respond in 
anticipation. In the practice periods, he was 
cautioned after responding prematurely. He 
was informed of his RT after each reaction 
and of his mean score in every condition after 
A rest interval of 2 min. was 
allowed between runs. The experiment was 
held in a dimly lit room. The mean intertrial 
interval was about 10 sec. 

In Exp 


constant at 1.0 sec 


tions of each ensuing run. 


each session 


Il, range of foreperiods was held 
. and probability of stimulus 
occurrence at 1.0, minimum foreperiod being 
held at five levels differing by factors of two 
The Ss attended 5 practice and 10 test ses- 
sions, each of 
three weeks. 


30 minutes, over a period of 
In the practice sessions, condi 
tions were given in the same order every day 
In the experiment proper, order effects were 
counterbalanced within each set of five ses- 
Each run consisted of 50 trials. 
Subjects —The Ss three 

students aged between 19 and 26. 
served in each experiment. 


sions 
University 
Iwo Ss 


were 


RESULTS? 


The data were 
Taking Ss and 


Experiment I. 


treated as follows. 

3 Complete data, consisting of mean RTs, 
SDs, and Ns for all points in Fig. 1 and 2, 
unweighted mean RTs, and frequencies of 
anticipatory reactions, have been deposited 
with the American Documentation Institute 
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Fic. 1. Experiment |: The influence of foreperiod, foreperiod variability, and probability 
of stimulus occurrence upon R1 R'T-foreperiod curves for individual conditions and Ss 
see Table 1. Overall unweighted mean RTs indicated on the ordinate by horizontal straight 


lines 


conditions separately, the range ol each section was plotted against the 
foreperiods was divided into 10 equal expected section mean. The resultant 
sections and the mean of RTs asso- RT-foreperiod curves are illustrated 
ciated through their foreperiods with in Fig. 1, the horizontal lines on the 
Order No. 6683 from ADI Auxiliary Publica- OFdinate indicating the overall mean 
tions Project, Photoduplication Service, Li: RTs. False reactions (occurring be- 
brary of Congress; Washington 25, D. C 
remitting in advance $1.25 for microfilm or 
$1.25 for photocopies. Make checks pay- yy ge ‘ 
able to: Chief, Photoduplication Service, sumed to have been initiated in the 


Library of Congress central nervous system before, the 


fore the stimulus) and premature 
reactions (occurring after, but pre- 
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Fic. 2. Experiment II: 


stimulus) 
treatment. 


were excluded from this 
A reaction was discarded 
as premature if S judged it to be so 
or if the recorded RT was less than 
100 msec. Since false and premature 
responses accounted for only 1.5% of 
trials, it is concluded that anticipation 
was a negligible source of error. 
Analysis of variance of raw RTs 
was performed in order to determine 
whether the illustrated RT-foreperiod 
curves were compatible, at the 2.5% 
confidence level, with the hypothesis 


The influence of foreperiod and foreperiod variability upon RT. 
(RT-foreperiod curves for individual conditions and Ss 


mean RTs indicated on regression curves by horizontal straight lines.) 


see Table 1. Overall unweighted 


of simple regression.‘ Significant 
deviations from simple regression were 
obtained in all conditions except E, H, 


and J (S,) and G, H, and J (S.). 
It may be seen that overall mean 


‘Slight heterogeneity of variance was 
noted but, in view of the different and com- 
plex relationships which appeared to hold 
between the cell means and variances in the 
several conditions of the experiment, it was 
decided not to attempt a_ transformation. 
Allowing for this source of error, the results 
of the analyses may safely be 


regarded as 
significant at the 5% 


level. 
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RT is an increasing function of the 
range of foreperiods, the mean fore- 
period being held constant. Further, 
overall mean RT varies inversely with 
the probability of stimulus occurrence. 

The effect of immediate foreperiod 
is pronounced for ranges of 1.0 and 
2.0 sec., but generally nonsignificant 
The form of 
the RT-foreperiod curve varies with 
the probability of stimulus occurrence 
and between Ss. With unit 
probability of stimulus occurrence, 


for the 0.5-sec. range. 


also 


RT decreases as a negatively acceler- 
ated function of immediate foreperiod, 
this relationship being most marked 
in Cond. A (2.0-sec. range of fore- 
periods). With the 2.0-sec. range of 
foreperiods, S,’s results show an in- 
creasingly steep positive terminal 
gradient with decreasing probabilities 
of stimulus occurrence. ‘There is no 
indication of such a gradient in the 
results of So. 

Experiment II.—TYhe data of Exp. 


II were treated in the same way as 


rABLE 


AND INTERACTION Errects (IN M 
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those of Exp |. The resultant RT- 
foreperiod curves and overall mean 
RTs are illustrated in Fig. 2. Since 
false and premature 
counted for only 1.2% of' trials, it is 
concluded that anticipation 
negligible source of error. 


responses ac- 


Was a 
Analysis 
RTs showed that 
all RT-foreperiod curves were incom- 
patible with the hypothesis of simple 
regression at the 0.1% 
level. 


of variance of raw 


confidence 


It is evident that overall mean RT 
is not a critical function of minimum 
foreperiod when the range of fore- 
periods is held constant. Asin Exp. I, 
the effect of immediate foreperiod is 
marked, long RTs again occurring 
with relatively short foreperiods. As 
the minimum foreperiod increases, 
the initial gradient of the RT-fore- 
period curve becomes less steep and 
the curve more linear. 
Inter-S differences are again apparent : 
whereas the the two Ss’ 
curves are broadly similar, those of S; 


as a whole 


forms of 


SEC.) OF IMMEDIATE FOREPERIOD (FP), 


PRECEDING FOREPERIOD (I'P_,;), AND SECOND PRECEDING FOREPERIOD (FP_.) 
Condition 
P a) Kk Ss I 
Subject 2 
Fp 6.82 9.34" 9.44** 12.19** 10.12** 
Kp 0.01 1.87** 3.47* 2.99* 1.18 
Fp_s 0.53 1.11 1.28 3.45* 0.17 
Fp X Fp. 0.13 1.91 1.25 —1.07 1.85 
Fp X Fp-_2 1.21 1.69 0.37 2.54 1.17 
Fp_1 X Fp 0.09 2.61 0.63 1.01 0.76 
Fp X Fp_i X Fp 1.44 0.24 1.97 —1.13 1.66 
Estimated SE 1.35 1.33 1.64 1.37 1.52 
Subject 3 
Fp 13.18** 3.93** —13.83** 20.96** —27.76** 
Fp-1 4.14* $.32° 7.40** 5.45** | 0.60 
Fp_s 0.68 1.96 3.52" 4.00* 2.03 
Fp X Fp-1 1.21 5.86** -~4.31* ~0.44 0.58 
Fp X Fp_2 0.00 2.00 —0.01 3.02 | 1.06 
Fp_1 X Fp-: | +.54* 2.29 1.53 2.93 —0.74 
Fp X Fp_1 X Fp-: | 0.33 —0.05 0.09 0.41 2.72 
Estimated SE 1.75 1.72 1.39 1.66 1.97 


*P <.05. 
™P < 01. 
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show a more marked foreperiod effect. 

The SDs about values plotted in 
Fig. 2 appear to vary systematically 
with the length of foreperiod relative 
to the range of foreperiods (see supple- 
mentary data). The results of both 
Ss exhibit a similar trend in each 
condition: the scatter of RTs is great- 
est at relatively short intervals, de- 
creases steeply to a minimum at about 
the mean interval, and then increases 
gradually towards the longest interval. 

Previous workers (Karlin, 1959; 
Klemmer, 1956; Woodrow, 1914) have 
shown that the RT on any given trial 
is influenced to some extent by the 
lengths of preceding foreperiods rela- 
tive to the mean foreperiod, longer 
RTs occurring when the foreperiod of 
the preceding trial is relatively long. 
Klemmer (1956) sought but failed to 
find any effects due to the foreperiod 
The 
results of an analysis of the effects 
of the immediate foreperiod (Fp), the 
preceding foreperiod (Fp_,), and the 
second preceding foreperiod (Fp_.), 
based on the data of Exp. II, are 
presented in Table 2. Taking Ss and 
conditions separately, all RTs, other 
than those recorded on the first and 
second trials of a run, were entered 
in a 2 X 2 X 2 classification accord- 
ing to whether Fp, Fp.1, and Fp_. 
were separately greater or less than 
the expected mean foreperiod. The 
magnitudes of all main and interac- 
tion effects were estimated by taking 
sums and differences of means in the 
usual way. Significance was deter- 
mined on the basis of estimated 
standard errors. 

The fact that the main effects of Fp 
are all negative and highly significant 
indicates that short immediate fore- 
periods gave rise to long RTs, merely 
confirming the finding established by 
a more precise analysis of variance 
that the RT-foreperiod curves depart 
significantly from simple regression. 


of the second preceding trial. 
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There would appear to be a dis- 
continuity in the influence of pre- 
ceding foreperiods between minimum 
foreperiods of 0.125 and 0.25 sec. In 
Cond. T (minimum foreperiod = 0.125 
sec.) only the effect of Fp is significant, 
whereas several effects are significant 
in other conditions. 

Discounting Cond. T, long RTs 
tend to follow trials with short fore- 
periods and vice versa, as shown by 
the fact that the main effects of Fp_, 
are mostly positive and significant. 
There is a suggestion that Fp_» has 
an influence similar to but weaker 
than that of Fp_y. This suggestion 
is confirmed for S;, the mean effect 
of Fp_2, averaged over Cond. P, Q, 
R, and S, exceeding the compound 
SE by a factor of 2.70 (P < .01). 

That the Fp X Fp_; interactions 
are mostly negative suggests that the 
influence of the immediate foreperiod 
is greatest following trials with short 
foreperiods. This is confirmed for Ss, 
the mean value of this effect, aver- 
aged over Cond. P, Q, R, and S, 
exceeding the compound SE by a 
factor of 3.62 (P < .001). 

It may noted that the 
effects of preceding foreperiods tend 
to diminish as the minimum fore- 
period increases beyond about 0.5 
sec. The Fp X Fp_s, Fp_i X Fp_s, 
and Fp X Fp_; X Fp_: interactions 
are generally nonsignificant. 


also be 


DISCUSSION 


The results of the present study tend 
to confirm Klemmer’s (1956) finding 
that overall mean RT, irrespective of 
immediate foreperiod, is an increasing 
function of the range of foreperiods and 
that where the range is appreciable (say 
more than 0.5 sec.) overall mean RT 
is not a critical function of the mean 
foreperiod. It is notable that S's and 
S;’s overall mean RTs in the five condi- 
tions of Exp. II are narrowly scattered 
over ranges of about 2 and 5 msec., 
respectively. Similarly Klemmer, using 
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a 2.0-sec. range, obtained the same 
overall mean RT with minimum fore- 
periods of 0.25 and 3.25 sec.; with a 


minimum foreperiod of 6.25 sec. the 


overall mean RT was only about 13 
msec. longer. 
Klemmer’s (1957) hypothesis that 


overall mean RT is a linear function of 
S’s uncertainty as to the timing of the 
stimulus is contraindicated by the pres- 
ent data. (1930) found that, 
4 sec., the 
variability of temporal judgments (re 
production of 


Woodrow 
for intervals less than about 


temporal intervals) was 
roughly proportional to the time judged, 
the SD being about 10% of the standard 
interval. Thus, according to Klemmer, 
expect that, 
held constant, overall 


we should when range is 
RT would 
be an increasing function of the minimum 


foreperiod. 


mean 


It has been noted, however, 
that the results of Exp. II showed no 
trend in this direction 

Most of the RIT foreperiod curves 
obtained in the present study and many 
illustrated in the literature (e.g., Breit- 
weiser, 1911; 1959: Woodrow, 
1914) exhibit marked initial gradients. 
Neither the characteristics nor even the 


Karlin, 


existence of such gradients are explicable 
in terms of Klemmer’s 
hy pothesis,” 


“informational 
since this only relates time 
the overall mean RT. 
Given the finding that RT is related to 
the immediate foreperiod, then it would 
seem that the characteristics of this rela- 
tionship must receive prior explanation: 
a theory could account for the 
entire RT-foreperiod curve would a 
fortiori account for the overall mean RT. 
That Klemmer failed to obtain evidence 
of an initial gradient in the RT-fore- 
period relationship may possibly be due 


uncertainty to 


which 


to a fundamental difference in experi 
mental procedure. Klemmer used ranges 
composed of 11 equally spaced fore- 
periods delivered in random order (i.e., 
a discrete foreperiod frequency distribu- 
tion bound by a rectangular envelope). 
For very short intervals, where the dif- 
ference between alternative foreperiods 
(interforeperiod difference) 


must have 


may have 
his attention’’ at or 


moments when there 


been easily discriminable, S 
to “‘focus 
about the 


learned 


Was a 
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definite probability that the stimulus 
would occur, and by so doing he might 
have been able to respond more quickly 
(Mowrer, 1940). In the present study, 
however, foreperiod variability was con 
tinuous, so that such tactics would have 
been inappropriate. Concordant with 
this suggestion is the fact that in Klem 
mer’s (1956, Fig. 1) variable foreperiod 
tests, where the interforeperiod differ 
ence was of the same order of magnitude 
as the minimum foreperiod, the mean 
RTs for the shortest intervals were below 
the overall mean RTs for their respective 
ranges but, 
difference was relatively small, the mean 
RTs for the first intervals were, as in th 


where the interforeperiod 


present study, somewhat above the 
general means. 
Woodrow (1914) and Karlin (1959) 


have suggested that the RT-foreperiod 
relationship reflects progressive changes 
in S’s state of readiness. According to 
this view, the effects of preceding fore 
periods are attributable to an adaptation 
process: on average, readiness reaches 
a peak or plateau at about the mean 
interval, but this peak or plateau tends 
to be attained earlier or later, according 
to the length of the preceding interval. 
The present results confirm the findings 
of Karlin (1959), Klemmer (1956), and 
Woodrow (1914) that RT varies as an 
increasing function of the preceding for 

period. It has also been shown that RT 
varies in a like manner but to a 
extent with the second preceding fore- 
period. 


less 


This suggests that the adapta 
tion process which has been postulated 
is heavily favor of recent 
intervals, but may be sensitive to quite 


biased in 


remote ones. 

The present finding that the 
of RTs is greatest at relatively short 
intervals and least at intermediate ones 
may be interpreted as further support 
for the adaptation hypothesis. 
ness will be most 


scatter 


Readi 
variable at the mini 
mum foreperiod, since on some occasions, 
relatively 
will 


following a_ series of 
intervals, the 


point of minimum 


long 
stimulus occur at a 
readiness, whereas 
on other occasions, following a series of 
relatively short intervals, the stimulus 


will occur at a point of maximum readi- 
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ness. At intermediate intervals, how- 
ever, S’s state of readiness will rarely be 
much less than maximal and a smaller 
scatter of RTs might therefore’ be 
predicted 

It is interesting to note two areas in 
which the evidence concerning the ef- 
fects of preceding 
apparent conflict. First, while Karlin 
(1959) found that the effect of the im- 
mediate foreperiod was greatest following 
long preceding foreperiods, the present 
results this effect to have been 
greatest following short preceding fore- 
periods. Further, it would seem that 
Klemmer (1956) found no significant 
trend in either direction. 


fc rreperic ds is in 


show 


Second, whereas Karlin obtained anom- 
alous but significant effects due to pre- 
ceding foreperiods in conditions where 
the minimum foreperiod was less than 
0.8 sec., 
significant effects of previous foreperiods 
with very short minimum foreperiods. 


the present results indicate no 


It is to be hoped that discrepancies 
such as these will be resolved by further 
that the 
the postulated 


characteristics of 
adaptation 
can be specified more clearly. 


studies, so 
mechanism 

It might 
then be possible to predict the form of 
RT-foreperiod curve which would result 
from the use of any random distribution 
of foreperiods. RT for any 
foreperiod could be calculated simply 
by weighting the RTs characteristic of 
all possible patterns of preceding fore- 
periods by 


The mean 


their expected frequencies 
within the distribution in question. 

In Exp. I it was found that the RT- 
foreperiod relationship was dependent 
on the probability of stimulus occurrence, 
and that the form of this dependence was 
subject to sizable individual differences. 
It would be premature to speculate on 
the general significance of these results 
or their specific relevance to the adapta- 
tion hypothesis discussed above. At 
present it will suffice to indicate the 
necessity of controlling the frequency 
of check trials in investigations into the 
form of the RT-foreperiod relationship. 


SUMMARY 


In two parallel experiments, the foreperiod 
of a simple reaction task was varied at random 
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within a rectangular frequency distribu- 
tion. In a total of 14 conditions, the mini- 
mum foreperiod, range of foreperiods, and 
probability of stimulus 
systematically varied. 

The results indicate that the RT-foreperiod 
relationship is subject to a range effect: in 
all conditions where the range of foreperiods 
exceeded 0.5 sec., RT tended to decrease 
initially as a negatively accelerated function 
of the foreperiod. The detailed form of this 
relationship was found to depend upon the 
minimum foreperiod, the range of foreperiods, 
and the probability of stimulus occurrence. 
The scatter of RTs was greatest for short 
foreperiods and least for foreperiods of 
intermediate length. 

Reaction time was also found to vary with 
the foreperiods of the preceding reaction and, 


occurrence were 


toa less extent, the second preceding reaction: 
in either case, long RTs tended to follow 
reactions with short foreperiods and vice 
versa. The effect of immediate foreperiod 
most marked following reactions with 
short foreperiods. 

The experimental findings are interpreted 
as evidence in favor of the view that 
RT reflects S’s state of readiness for the 
stimulus. 


was 
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FREE RECALL AND ORDERING OF TRIGRAMS! 


LEONARD M. 
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Johns Hopkins University 


Some explanation is needed for the 
fact that intralist similarity can have 
either inhibitory or facilitative effects 
on the learning and retention of verbal 
material. The specific role of intra- 
list similarity seems to depend upon 
the nature of S’s task, although the 
critical task variables are not known. 
The purpose of the 
is to examine some of 
variables. 


present study 


these critical 


Underwood (1952, 1954) varied the simi- 
larity relationship between the items of a list 
learned by serial anticipation and concluded 


that “recall and intralist similarity are not 
systematically related’ (1954, p. 160). To 
vary intralist similarity, Underwood used 
lists of consonant-vowel-consonant (CVC) 


trigrams which contained as many different 
letters as possible (low intralist similarity) 
and other lists in which certain letters oc- 
curred repeatedly throughout the syllables 
(high intralist similarity). More trials were 
needed to learn, and later to relearn, the high 
similarity lists to criterion. But the number 
of overt errors per trial during learning was 
not related to intralist similarity, nor was 
recall 24 hr. later. 

Underwood defines intralist similarity as 
the extent to which the items of a list share 
letters in common with one another. Intra- 
list similarity can also be expressed in terms 
of between the 
letters of the items. For example, particular 
groupings of two or more letters might occur 
with a high probability in the syllables of one 
list while these relationships could be left 
to chance in another list. The list in which 


the sequential restrictions 


' This paper is based upon a dissertation 
submitted in partial fulfillment of the require- 
ments for the PhD degree at Johns Hop- 
kins University. It reports work done while 
the author was a Fulbright Fellow at Univer- 
sity College, London, and a Social Science 
Research Council Fellow at Johns Hopkins 
University. The author is indebted to James 
A. R. Jonckheere for their en- 
thusiastic advice and encouragement. 

2 Now at Stanford University 


Deese and 


the sequential dependencies depart markedly 
from randomness would be called highly 
redundant (Miller, 1958). 

Miller (1958) set up explicit rules to gener 
ate redundant lists of to 
letters long. He also used lists in which the 


items four seven 


item letters were combined at random. When 
redundancy was introduced into Miller's 
lists, the items became more similar (by 
Underwood's definition) to one another 


Miller has demonstrated that the redundant 
lists had greater intralist similarity by a task 
in which Ss search for particular items from 
a list of redundant items and from a list of 
random items. The median search time was 
considerably higher for the redundant lists 
Each of Miller’s lists was presented in 
various orders, and after each presentation Ss 
were tested by the method of recall 
Recall of the redundant lists (high intralist 
similarity) was superior to that of the random 
lists, not only throughout original learning 
but also after the interpolation of another 
list. Since Underwood found that recall and 
intralist similarity are not systematically 
related, this outcome is rather surprising 
Aborn and Rubenstein (1952; Rubenstein 


free 


& Aborn, 1954) have found essentially the 
same result as Miller with verbal material 
more like Underwood's Whereas Miller's 


material contained four different 
only, Aborn and Rubenstein used 16 CVC tri- 
19 different letters The 
syllables were put together to form a list, but 
the lists ranged from a random assortment of 
trigrams to a highly redundant one (“highly 
organized,”’ in their terms As in Miller's 
data, the higher the intralist similarity, the 
greater the mean recall score 

The measure of learning in the Aborn and 
Rubenstein was like Miller's 
method of free recall than Underwood's serial 
learning since, for the most part, the serial 
order of S's recall did not affect-his score. If 
a trigram was correctly placed within a group 
ing of four items (whether the grouping itself 
was recalled early or late), it 
a correct item. It was also scored correct it if 
merely followed another trigram appropriately 
in recall. 

Thus 


consonants 


grams involving 


studies more 


was scored as 


the principal difference between 


Underwood's study of serial anticipation and 
the studies by Miller and Aborn and Ruben- 








uw 
nm 


stein is not in the concept needed to describe 


the interitem relationship (similarity), but in 
the measures of learning used The major 
difference between serial learning and free 


recall is that serial learning requires a unique 
ordering of the items, while free recall does not 

The closest experiments to a study of the 
ordering process are discrimination 
like that of Fitts, Weinstein, Rappaport, 
Anderson, and Leonard (1956 Discrimina 
tion, like the ordering part of serial learning, 
places a premium on the uniqueness of items 
in the test material. Fitts et al. found that 
randomly generated geometrical figures can 
be recognized more rapidly than statistically 
constrained figures. In other words, redun- 


studies 


dancy is a hindrance to visual pattern recogni- 
tion. It would not be surprising, then, to 
discover that redundancy is a hindrance to 
ordering as well 

The evidence that high 
intralist similarity may facilitate free 
recall learning and hinder ordering. 
When ordering and free recall are 
combined in the serial anticipation 
method, serial learning could appear 
unrelated to intralist similarity. In 
view of this possibility, the first step 
in an analysis of intralist similarity 
would be to study the effects of such 
similarity upon free recall and order- 
That is the purpose 
of the present experiment. 


suggests 


ing separately. 


METHOD 
Materials 


(CCC) trigrams 
One list contained fewer different 
than the and therefore had 
intralist similarity. The high-simi- 
larity list was composed of four letters and is 
referred to as L4. It made use of F, s, v, and 
x to make a total of 12 items hese items 
are VXF, XVS, FSV, SFX, XFV, FXS, VSX, SVF, 
VFS, FVX, SXV, and xsF. Each of the four 
letters occurs three times as the initial letter 
of a syllable, three times as the middle letter, 
and three times as the final letter. A single 
letter occurs only once in an item. 

This list contains half of the 24 possible 
three-letter 


I'wo lists of 3-consonant 
were used. 
letters 


greater 


other 


combinations Moreover, any 


one item in the group can be transformed into 
another item by applying the following rule: 
Replace any one letter of a three-letter com- 
bination by the fourth letter and inter« hange 
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the remaining two letters of that item. For 
example, the first item of the list is VXF. 
If the F of this item is replaced by an s, and 
the v and X are interchanged, the new item 
is XVS, the second item on the list. Applica- 
tion of this rule yields precisely the above 12 
items others The rule 
generate the reversals of the items, though. 
(FXV is a reversal of VXF and does not occur.) 

Each pair of letters twice 
as the first two letters of a syllable and once 
as the last two letters of a syllable. In both 
cases the pair occurs in combination with the 
same third letter. (FX, for example, occurs 
in the item FXS as well as SFX.) 

The other list is called L12 because it 
contains 12 different letters. The L12 items 
are: QSZ, KXW, MRV, WQJ, VKH, ZMQ, HWS, 
FVX, JZR, XHF, SJM, and RFK. This list has the 
following properties: (a) Each letter occurs 
once in each position; (6) a particular pair 
of letters occurs in only one item; and, of 
course, (c) all possible pairs or triplets of the 
letters do not appear in the list 


and no does not 


occurs once 


Methods of Presentation 


Each list was presented to two groups of Ss. 
One group was required to learn the items by 
the method of free recall. The other was 
required to learn the order of the items, but 
not the items themselves 

Free recall.—L4 was presented one trigram 
at a time, on 4 X 5 in. flash cards. Each 
trigram was shown for 4 sec. After the Ss 
had seen the entire list, they were instructed 
to record on their answer sheets, in any order, 
as many of the items as they could remember ; 
guessing was permitted. The answers were 
collected, and the items were presented again 
in a different order. 
to minimize self-instruction for ordering 
the Ss. A second group of Ss was 
presented with L12 in the same way 

Ordering. 


This was done in order 
among 


L4 was presented to a group 
of Ss in a standard order of presentation. 
Ihe order was the order in which the items 
are listed above. After each presentation, Ss 
were supplied with a packet of 12 1 X 1} in. 
slips of paper. Each slip of paper had on it 
one of the L4 items. The Ss were instructed 
to re-arrange these 12 slips so that the order 
corresponded to the order in which the flash 
cards had been presented. (The order of the 
items in the packet was different on each of 
the 10 trials.) 

A fourth group ordered the L12 items under 
the same procedure. The standard order of 
the L12 items was the order in which they 
are listed above. 
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rABLE 1 


RECALL SCORES AND MEAN 
RESPONSE SCORES WITH 
L4 aANp L12 


MEAN CORRECT 
oral 


Mean Number of 
R 


esponses Given 


Mme wre 


sn Ue a 


oo 
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Subjec ts 


Each group contained the children of a 


preformed class in the Sir William Collins 
School, a secondary modern school in London, 
England. These groups were comparable in 
age, 1Q, and academic achievement, and Ss 
within each group were tested simultaneously 
There were 24 and 25 the free recall 
30 and 19 Ss in the ordering 
(The groups were unequal in size 
since the classes were unequal in size, but this 
affect the statistical 
All Ss were male, 14 
old, and slightly 
intelligence 


Ss in 
groups, and 


groups 


difference does not 


analysis of the data.) 


or 15 yr ibove average in 


RESULTS AND DISCUSSION 


The most general result is that free 
recall for L4 is higher than for L12 
early in learning (although the su- 
periority is lost on later trials), while 
L12 is consistently easier to order than 
L4. The detailed results for the two 
methods are reported below. 


Free Recall 


Correct responses.—Table 1 shows 
the mean number of syllables cor- 
rectly recalled on each trial and the 
mean number of (correct 
and incorrect) that Ss produced. L4 
is superior to L12 in correct recall 


responses 


AND ORDERING O} 
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for Trials 1 through 5. Tested by 
the Mann-Whitney U test, the initial 
difference is significant at P < .001. 
Table 2 summarizes the analysis of 
variance of the correct 
The Trial X List interaction is sig- 
nificant at P < .001, although on the 
average, the difference between the 
two lists is not significant. 

The superiority of L4 in free recall 
is probably the result of chance 
guessing. Each L4 S must have 
learned all the L4 letters quite early 
since each S used all four letters in 
his responses on every trial. 


rec all scores. 


Further- 
more, each response was a three-letter 
combination. If S randomly ‘com- 
bined the four L4 letters into three- 
letter combinations, the probability 
of his producing a correct item is +. 
Table 1 shows that the mean correct 
score for L4 on the early trials is about 
half the mean total response 
Thus, the advantage of the high- 
similarity list is that it enables Ss to 
correctly guess a 


score. 


large number of 
items. 
Just why L4 its superiority, 


though, is not completely clear. This 


lost 


loss of superiority may be due in part 
to the extreme similarity of the L4 


the later 
stages of free recall learning, two or 


items to each other. In 


more very similar items may general- 


TABLE 2 


ANALYSIS OF VARIANCE OF CORRECT 
RECALL SCORES 


Source ot 
Variance 


Between Ss 
Lists 0.012 
Error (b) 47 365 
Within Ss 
Trials 151.269 
Lists X 
Trials 11.797 
Error (w) 2.978 
lotal 


*P < 001 
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ize to the same erroneous response at 
Such 

be difficult to 
further improve- 
This issue needs 


the expense of a correct item. 
generalization may 
that 


is hindered. 


overcome so 
ment 
to be studied further with more levels 
of intralist similarity. 
Intrusions.—There were 198 letter- 
intrusions throughout the 
of L4. E, U, and Y made up 


of these intrusions. 


responses 
712% 
The responses of 
L12 contained 140 intrusions, and all 
Since 


abso- 


14 possible intrusions occurred. 
S’s recall was handwritten, the 
lute number of may be 
slightly biased by possible errors in 


intrusions 


scoring. Therefore, a statistic sum- 
marizing the variability of intrusions 
is probably more appropriate here: 
the uncertainty in the L12 intrusions 
was 3.36 bits, while that in the L4 
intrusions was 2.14 bits. Thus, L12 
led to a greater variety of intrusions 


than L4. 


ence in 


One reason for this differ- 
distribution is that the 12 
letters of L12 evoked more different 
verbal habits than did the 4 letters 
of L4. 


Ordering 


Kendall’s P (1955, pp. 3-7) 
selected as the best measure of * 


was 


good- 


rTABLE 3 


MEAN ORDERING SCORES AND MEAN CORRECT 
PLACEMENT SCORES WITH L4 AND L.12 


Mean Ordering Score 
(Kendall's P) 


Mean Correct 


a Ww ww Ww we 
— 
Bie -Be Bh Be 
~Is w w 


N° 


HOROWITZ 

ness of ordering.”” All pairs of items 
S's 
returned packet; and whenever two 
items are correctly placed relative to 
one another, +1 is scored for that 
pair. Kendall’s P may be considered 
the total number of +1’s in a particu- 
lar ordering? P = 66 and P 0 
indicate perfect ordering and perfect 
reverse ordering, respectively, of 12 
items. P = 33 is the mean chance 
expectation and indicates no relation- 
ship between the correct order and 
S's order. The SD of P values for 
chance orderings of 12 items is 7.3. 


Table 


are considered one by one in 


3 gives the mean P score 
on each trial. It is clear that the 
L12 items are more distinctive and 
easier to order. The L12 group starts 
off at a higher origin, reaches a 
higher asymptote, and improves more 
smoothly. 

Representative serial position curves 
(Trials 1, 5, and 9) are shown in Fig. 
1. The ordinate of Fig. 1 is the per- 
centage of Ss who placed a particular 
item in its correct position—irrespec- 
tive of the placement of the other 
items. 


1.12 begins with a serial posi- 
tion effect on Trial 1 and improves 
to nearly perfect ordering (Trial 9) 
where the serial position effect just 
about disappears. 


A serial position 
effect for L4 does not really emerge 
until quite late in learning. In fact, 
the later trials of L4 resemble most 
the earlier trials of L12. This can 
be seen from Table 4, which contains 
correlations of ‘‘percent correct” scores 
between L4 and L12, position by 
position, for representative trials. 
The again 
that ordering is retarded with L4. 
The high similarity of the items of 


conclusion comes up 


* Because P has this simple, direct interpre- 
tation, it seems better suited here than Ken- 
dall’s tau. P is, however, directly related to 
, , P P —33 
tau. Foran ordering of 12 items, tau = - 

Ss 
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SERIAL POSITION 
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this list makes it extremely difficult 
for Ss to sufficiently 
between the items to learn a unique 
ordering of them. 

Another way to look at the serial 
position data is 


discriminate 


to ignore relative 
ordering and consider the number of 
items that Ss placed in precisely the 
correct position’ on each trial. With 
this kind of measure—total number of 
random arrange- 
ments of 12 items by a large popula- 
tion of Ss would give essentially a 
Poisson distribution of scores (Feller, 
1957, pp. 97-99) with a mean of 1. 
It can further be shown that if the 
precise location of k items is mem- 


correct placements 


orized and the remaining items are 
assorted randomly, the best estimate 
of the mean correct placement score 
would be k + 1. 

The mean correct placement scores 
are listed in Table 3. Prior to Trial 
8, the mean for L4 does not rise above 
4.0. If S memorized the first, second, 
and last items and let the remaining 
items fall randomly, the expected 


mean would be 4.0. It is not until 


the mean score rises above this point 


Serial position curves on Trials 1, 5, and 9 for L4 and L12 


(Trial 8) that a real serial position 
effect emerges. Thus, it seems that 
with the highly similar items of L4, 
the items are not ordered relative to 
one another, but 
individually. 

If seven items are ordered 1, 3, 4, 5, 
6, 7, 2 the ordering score is P 16 
(out of a maximum of 21) and the 
correct placement score is 1 (out of 
a maximum of 7). Thus, excellent 
relative ordering can be obscured by 
the correct placement score. 
to show 


are memorized 


In order 
the two measures are 
empirical data, 
placement scores have been plotted 
against ordering scores in Fig. 2 


how 


related in correct 


TABLE 4 


CORRELATIONS, PosiTION BY POSITION, 
BETWEEN “PERCENT CORRECT” 
Scores ON L4 AND L12 
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CORRECT PLACEMENT SCORE 
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Relationship between ordering 


scores correct placement scores tor 


both lists the 


linear, but the slopes differ consider- 


For regression 1s 


ably. If ordering improved as a func- 
tion of correct placements only ; about 
a three-point increase in ordering 
would occur to a one-point increase 
This is what 
When the correct 


score is 1 P 


in correct placements. 
happens with L4. 
placement the ordering 
But the 
L12 ordering score starts considerably 


score is approximately 36. 


higher than one would predict from 
the 3:1 relationship. In fact, the L12 
regression line suggests that had it 
been possible to measure performance 
early enough in learning, an ordering 
score of 46 would have corresponded 
to one correct placement. 
good level 
of ordering, though, there is not much 
room for improvement, and the slope 
of the regression equation for L12 
would have to be, and is, lower than 


that of L4. 


has reached a relatively 


These findings indicate the presence 
of an interaction between intralist simi- 


larity and S’s task. High intralist simi- 


After S 
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facilitates free recall early in 
learning, but this superiority 
later trials. intralist 


uniformly facilitates ordering. 


larity 
is lost on 
Low similarity 

When S learns by the method of serial 
anticipation, he has at least two tasks. 
He has to recall a set of responses (the 
items of the list) and he also has to order 
these responses. In view of the inter- 
intralist similarity and 
S's task, it is possible that, on the aver 
age, the importance of intralist 
larity 


action between 
simi 
underestimated by the 
method of serial anticipation. Further 
more, this interaction might account for 
Underwood's (1954) conclusion that 
“recall (after 24 hr.) and intralist simi 
larity are not related” 
(p. 160). 

A recent study by 
quist, and Schulz 


might be 


systematically 


Run 
1959) indicates that 
paired-associate learning can be analyzed 


Underwood, 


into two phases: (a) a response-learning 
phase, when responses become readily 


recallable, and (6) an associative phase, 


when 


each response is paired with a 


specific stimulus. One of their findings 
closely resembles a finding of this study: 
that high intralist similarity facilitates 
response learning. Since high intralist 
similarity hinders overall paired-associ 
ate learning (Feldman & Underwood, 
1957), Underwood et al. (1959) inferred 
that the interference component of high 
intralist similarity occurs in the associa 
tive phase. In this respect the associa- 
tive phase of paired-associate learning 
is like the ordering part of serial learning. 
This notton could be tested directly by 
teaching Ss to match cards to appropri 
ate stimuli without actually having them 
learn the Thus, the 
method of the present study is directly 
applicable to the study of  paired- 
associate learning. 


responses per se. 


The present results, furthermore, sug 
gest the following way to maximize over 
all efficiency learn a 
number of lists by the serial anticipation 
method or the paired-associate method. 
The entire pool of items should first 
be grouped into lists of maximum intra 
list similarity for learning by the method 
of free recall. Then the items should be 


when S has to 
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regrouped into lists of minimum intralist 
similarity for ordering or for associative 
learning. If there is no negative transfer 
from free recall to ordering or to associa 
tive learning, serial learning or paired 
associate learning should then proceed 
very rapidly. This analysis needs to be 


tested experimentally. 


SUMMARY 


This study was designed to examine the 
joint influence of intralist similarity and the 
nature of S's task on verbal learning Two 
lists of 12 
The trigrams of the high-similarity list con- 
tained only 4 different letters, while those of 
the low-similarity list contained 12 different 
letters 


5-consonant trigrams were used 


Two groups of Ss recalled as many 
could each ol 10 
presentations, while two other groups learned 
the order of the syllables but not the svll ible Ss 


themse lves 


syllables as they alter 


The results indicate the presence of an 
intralist similarity and 
the nature of S’s task 


larity facilitates free 


interaction between 
High intralist simi 
recall early in learning, 
later trials 
other hand, 
Since recall 
ind intralist similarity have not been found 
to be systematically related when the method 


but this superiority is lost on 
Low intralist similarity, on the 


uniformly facilitates ordering 


of serial anticipation was used, this interac- 
tion may be important in understanding the 
method of serial anticipation 

It was suggested that the method of this 
study might be applied to the study of paired 
associate learning The results also imply a 
when S 
has to learn by the method of serial anticipa- 
tion or by the 


way to maximize overall efficiency 


method of paired-asso¢ lates 


AND ORDERING OI 


PRIGRAMS 


REFERENCES 


ABORN, M., & RUBENSTEIN, H. Information 
theort and immediate recall. J. exp. P 
chol., 1952, 44, 260-266 

FELDMAN, S. M., & UNbDERWOop, B 
Stimulus recall following 
learning. J. exp. P. 


paired-associ 
1957, 53, 11 
FELLER, W An introduction to probability 
New York 


theory and its applications 
Wiley, 1957. 

Fitts, P. M., Wernsterix, M., RAPPAPORT, 
M., ANpeRSON, N., & LEONARD, J. A 
Stimulus correlates of visual pattern recog 
nition: A probability 
Psychol., 1956, $1, 1-11 

KENDALL, M. G. Rank correl 
London: Griffin, 1955 

MILLER, G. A Free redundant 
strings of letters J j yvchol., 1958, 
56, 485-491 

RUBENSTEIN, H., & ABORN, M 
recall as a function of degree of organiza- 
tion and length of study period Tl, ext 
Psychol., 1954, 48, 146-152 
NDERWOOD, B. J 
practice: Vil 


serial nonsense lists as a function 


approach J ext 


Immediate 


Studies of distributed 
Learnit y and retention of 
# iitra 
list similarity. J. exp. Psychol., 1952, 44, 
80-87 

Intralist 


NDERWOOD, B. J similarity 


verbal learning and retention P 
Rev., 1954, 61, 160-166 

NDERWOOD, B. J., 
R. W. 


paired-associate lists as a function of intra- 


Psychol., 1959, 58, 


Runouist, W a 
SCHULZ, Response learning in 
list similarity J. exp. 
70-78 


Received May 4, 1960 





FORWARD, 


BACKWARD, AND PSEUDOCONDITIONING 


OF THE GSR 


R. A. CHAMPION 


University 


For some time it has been custom- 
and backward 
as fundamentally differ- 
ent processes and to regard the latter 
form pseudo- 
(Underwood, 1949) 
1953) rather 

While the 


evidence for this distinction is strong 


ary to class forward 


conditioning 
phenomenon as a ol 
conditioning or 
sensitization (Osgood, 
than true conditioning. 
in the case of short-latency CRs (e.g., 
Spooner & Kellogg, 1947), there are 
theoretical reasons for believing that 
some true learning may cecur when 
a backward ceniitioning procedure 
is used with a long-latency 
(Mason, 1959) 
expectation is that the presentation 
the UCS prior to the CS by 


appropriate time interval should allow 


response 
One reason for this 
ol 


an 


vreater contiguity of the CS and the 
UCR if the latter has a long latency. 


If it be supposed, however, that rein- 


forcement is a necessary condition for 
learning as well as S-R contiguity 
then the backward conditioning pro- 
delay 
reinforcement and less propitious con- 


cedure may mean greater of 


ditions for learning. Considering 
degree of S-R contiguity as the inter- 
val between the onset of the CS: and 
the onset of the UCR, there may be 
greater the backward 
procedure than in the forward pro- 
cedure. On the other hand, assuming 
that proximity of reinforcement is the 
interval between the occurrence of the 
CR and the offset of the UCS, there 
may be greater proximity in the for- 


ward procedure than in the backward 


contiguity in 


Mason 
Medical 


and now at 
Laboratory, 


'Formerly Joan E 
the Defence Research 
Toronto, Canada 
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of Sydney 

procedure. The optimum arrange- 
ment of stimuli for conditioning may 
be expected to vary with the latency 
of the conditioned, 
among other factors. In the present 
state of knowledge these optimum 


response being 


conditions cannot be accurately speci- 
fied, it not being known, for example, 
that the 
aversive conditioning necessarily oc- 
curs with the offset of the noxious 
UCS, nor that any reinforcement at 
all is required in classical conditioning. 


reinforcement in classical 


As a first approximation the type of 
theory referred to above leads to the 
possibility of obtaining some degree 
of true backward conditioning of the 
GSR and the following data allow a 
When the ex- 
periment was first designed it was as- 
sumed that a backward conditioning 
schedule would provide a valid control 


test of this possibility. 


for pseudoconditioning, but this pro- 
cedure produced evidence for true con- 
ditioning in the form of a clear and 
continued rise in performance and a 
group was therefore also tested with 
no short-term contiguity of CS and 
UCR, either forward or backward. 


METHOD 


The Ss 32 male and 28 


female volunteers from undergraduate courses 


Subjects were 


in psychology at the University of Sydney 

A pparatus.»~—The S was seated in a sound- 
reduced room separate from that containing 
E and the main apparatus. The CS was a 
2000-cps, 60-db 20 duration 
presented speaker immediately 
behind S's ambient level 


tone ofl msec. 
through a 


back The 


noise 
2 Part of the apparatus used in this study 
was provided by Commonwealth of Australia 
Research Grant No. 2002 
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in S’s room was approximately 50 db., being 
contributed to by the sound of an electric 
circulation fan. The UCS was a spike-wave 
ac shock of 90 cps, 3.20 millian p., and 600 
Shock strength was 
means of 


msec. duration. meas- 
ured by an oscilloscope with a 
15,000-ohm resistor in place of S. The shock 
was delivered to S through copper electrodes 
in the form of spring clamps 15 mm. wide 
which almost encircled the third fifth 
fingers of the right hand near the fingertips 
The GSR was picked up through thimble- 


type electrodes of German silver 30 mm. in 


and 


length on the second and fourth fingers of the 
right hand. The shock and GSR electrodes 
were used in with electrode 
jelly. The GSR was measured and amplified 
with an electronic de amplifier of the bridge 
type supplying current of 100 
microamp. to the electrodes and followed by 
an ink-writing recorder. The time 
listed were determined by 
interval timers, but when shock 


conjunction 


constant 


intervals 
above electronic 
was used in 
isolation as a stimulus its duration was deter- 
mined manually by E to avoid any possibility 
of giving cues to S and approximated 600 
msec. 

Procedure Following the 
structions each S was given five trials with 
the UCS alone; the first and second shocks 
were 1.60 and 2.27 milliamp., respectively, and 
the remainder were 3.20 milliamp 


receipt of in- 


Che inter- 
trial interval depended on S's skin resistance 
level and was at least 60 
sec.; the interval rarely exceeded 75 se 


reaching a steady 
and 
averaged about 65 sec. No ready signals were 
given at any stage of the experiment 

\fter the five preliminary UCS trials, 
Group TS (N = 20) was put on a forward 
conditioning schedule with 500 msex 
CS onset UCS onset 
trials (T) 
trials (TS) as tests of conditioning 
more UCS-alone trials (S) were also included 
The order of trials was TS, T, S, TS, TS, T, 
is, &S i, S&S 7, 1S, TS, T. Geoup SI 
N = 20) was put ona backward condition 
ing schedule with 750 between UCS 
onset and CS onset; the order of trials was 
the same as for Group TS, but UCS-CS trials 
(ST) replaced the CS-UCS trials (TS 

\fter the data had obtained from 
these two groups a third groupof 20 Ss was 


between 
Four CS-alone 


were interspersed with the training 


and 


ind three 


msec 


been 


tested with a similar series of stimuli but with 
discrete presentations of and shock 
Group T &S). The Ss in this group received 
as many tones and shocks as the members of 
Groups TS and ST, but the stimuli were given 
in a different S and 


interval of 60 se 


tone 


random order for each 


the minimum intertrial 


THE GSR 


GROUP TS 


> 
oO 


w 
(=) 


GROUP ST 


MEDIAN GSR (MICROMHOS) 





TEST TRIALS 
Fic. 1 


conditioning 


Performance curves under forward 
(Group IS), backward condi- 
tioning (Group S1 i 


(Group I & 5S 


», a d ps¢ udocot 


Was retained The CS-alone trial 


I ised 


as test trials in Group T & S were those 


which 
were preceded, on the average, by 6, 9, 13 
and 15 shocks, as in the experimental groups 
In addition, the whole series was begun with 


a CS-alone trial 


RESULTS 


The procedure adopted with Groups 
TS and ST did not allow any measure 
the GSR to the tone 
before any UCS-alone > 
UCS trials. A number of experiments 
conducted in the University of Sydney 


to be taken of 
trials o1 


laboratory have shown that the size 
of a GSR to a tone varies with the 
duration and intensity of the stimu- 
lus but that the median GSR before 
any is approximately 1.5 
60-db. 
tone; a value of this order was there- 
the 
experimental groups by taking 15% 


training is 
micromhos for a 20-msec., 


fore derived for each S in two 
of the mean score over the last three 
trials 
lidity of this procedure is confirmed 


preliminary shock The va- 
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by the measured median value of 
1.3 micromhos in Group T & S. 

The performance curves obtained 
in the experiment are shown in Fig. 1 
and it may be observed that the rise 
in performance for the forward and 
backward groups (Groups TS and ST) 
is accompanied by a slight fall in the 
performance of the pseudocondition- 
ing group (Group T & S). It is 
emphasized that the number of shocks 
administered before each block of test 
trials is over the three 
groups; in average terms, and exclud- 
ing the preliminary shock-alone trials, 
there were 2.5 shocks before the first 
block of (Trials 2-3 in 
Fig. 1), after two training trials in 
Groups TS and ST, and nine shocks 
before the second block of test trials 
(Trials 4-5 in Fig. 1), after six training 
trials in Groups TS and ST. 


constant 


test trials 


Because the scores were not nor- 
mally distributed, nonparametric tests 
were used. An H test (Edwards, 


1954) was applied to the total GSR 
for the first and second blocks of test 
trials combined and it showed that 
the three groups differed significantly 
(H = 27.79, P < .01). This was fol- 
lowed by separate U tests (McNemar, 
1955) comparing Groups TS and ST 
(zc = 1.39, P = .16) and Groups ST 
and T & S (z = 3.96, P < .001). The 
trend in the three groups combined 
was examined over test trials by means 
of Mood’s (McNemar, 1955) 
and it proved significant (x? = 7.30, 
P < .05). Separate Mood tests then 
showed significant upward trends in 
Groups TS and ST (x? 10.90 and 
12.10, respectively, with P < .01) 
but no trend in Group T & S (x?= 5.20, 
P > .05). One other point of interest 
is that the difference between Groups 
TS and ST was significant on Test 
Trial 2 according to a U test (z= 2.06, 
P = .04). This is the stage at which 
the greatest rise in periormance 


test 
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typically occurs in GSR conditioning 
(Champion, 1961; Moeller, 1954), as 
with many other responses. 


DISCUSSION 


The results point to a difference be 
tween backward conditioning and pseud- 
oconditioning of the GSR as defined by 
the procedures used with Groups ST and 
T & S, respectively. The performance of 
Group ST showed a rise whereas that of 
Group T 
fall. The initial improvement of the 
Group ST may not have been as great 
as that of the Group TS, but the two 
groups did not differ significantly over 
training as a whole. The general con 
clusion to be drawn is that the pseudo- 
conditioning of the GSR is a basically 
different process from that occurring in 
forward and backward conditioning. <A 
limitation to be placed on this conclu- 
sion at present is that 
backward interval 
and UCS onset 
msec 


& S showed a nonsignificant 


the forward or 
between CS onset 
not exceed 750 
In a pseudoconditioning control 
group Moeller (1954) used a backward 
conditioning procedure with the UCS- 
CS interval varying between 3000 and 
5000 msec. He obtained no rise in per- 
formance over 23 trials on Day 2 of the 
experiment but did not report the effect 
of the 15 trials which all 
on Day 1. 


should 


Ss received 


The present data lend weight to the 
possibility that UCS-CS trials may pro- 
duce some degree of true conditioning 
in the case of a long-latency 
such as the GSR. This outcome is in 
direct opposition to the prediction of 
Hilgard (1951) that a longer forward 
interval would be more appropriate with 
a long-latency response, which has been 
disproved (Moeller, 1954; White & 
1952). Further considera- 
tion of the initial argument on the defini 
tion of contiguity shows that a backward 
gradient of reinforcement must be as- 


resp ymnse 


Schlosberg, 


sumed to operate in the conditioning of 
the GSR no matter what aspect of the 
UCS is taken as reinforcement unless the 
offset of the UCS is delayed an unusually 
long time. 


This is generally true in 
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backward conditioning and applies in 


forward conditioning as long as_ the 
of the CR exceeds the interval 
between CS onset and UCS offset. If 


the concept of “backward reinforcement” 


latency 


is unacceptable then it presumably must 
be postulated that the 
the GSR occurs without 


conditioning of 
reinforcement. 
A possible reason for the failure to obtain 
true conditioning of a short-latency re 
sponse with UCS-CS trials may be found 
if the appropriate latencies of the 
responses are considered. If the latency 
of the response is less than 500 msec 
as with hand withdrawal or the eyeblink, 
then forward gradients of contiguity and 
reinforcement may be 
conditioning but both gradients 
must be taken as operating backwards 
in backward 
vided that 
delayed. 


assumed in for 
ward 


conditioning, 
UCS 


again 
offset is not 


pro 
unduly 


SUMMARY 


\ comparison was made of forward, back- 
ward, and pseudoconditioning of the GSR 
in the ¢ xpectation that a backward procedure 
would produce true conditioni1 such a 
The expectation was 
confirmed, for whereas the performance of 
the first two groups increased with paired 
CS-UCS or UCS-CS trials, that of the pseudo- 
conditioning group decreased to a nonsignifi 
cant with comparable numbers of 
unpaired CS and UCS trial Reasor 
advanced for the 


g in 


long-latency response 


degree 
Ss wert 
failure on the part of other 
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workers to obtain conditioning ol hort 

latency response with UCS-CS trials 
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ACQUISITION OF PERCEPTUAL RESPONSES AS A 
FUNCTION OF LOADING, LOCATION, AND 
REPETITION ! 


HARRY W 


KARN anp LEE W. 


GREGG 


Carnegie Institute of Technology 


Che purpose of the present investi- 
gation was to determine the ways in 
which the visual perception of ele- 
ments of a stimulus complex is influ- 
enced by the amount of experience 
with the complex and by specific 
features of the complex designated as 
location and loading. 

The critical aspect of the experi- 
ment was the simultaneous presenta- 
tion of three circles under spatial and 
temporal conditions which made the 
discrimination — of distinguishing 
binary cue (the presence or absence 
of a dot within each circle) difficult 
or impossible for all circles of the set. 
If the duration of the stimulus was 
made long enough, S could, by scan- 
ning the three circles, report accur- 
ately upon the nature of the individual 
circles. Given such an opportunity, 
S could learn that for the 
circles the value of the binary cue 
varied, while the values for the other 


a 


one ofl 


circles remained constant over a series 
These features of 
the stimulus field, if learned, could 
make it possible to report accurately 
at stimulus durations that precluded 
the possibility of scanning the entire 
stimulus field. 

It was supposed that through such 
an experimental plan, evidence would 
be obtained the ways 
perceptual responses are acquired by 
providing 


of presentations. 


to determine 


precise control over the 


his research was supported by the 
United States Air Force through the Air 
Force Office of Scientific Research of the 


\ir Research and Development Command, 
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nature of learnable cues and conditions 
of detection. 


METHOD 
Subjects—The Ss 168 male college 
students, six in each of 24 experimental groups 
and 12 in each of two control groups. 

Apparatus and procedure—Three circles 
located at the points of an imaginary equi- 
lateral triangle were simultaneously _ pre- 
sented to S on a screen 4 X 5 ft. One side 
of the triangle was 30 in. in length, subtending 
at S’s viewing distance approximately 15 
of visual angle. The outside diameter of each 
circle was 1 in. corresponding to a visual 
angle of 2’ of arc. The discrimination re- 
quired of S was the presence or absence, 
within each circle, of dot 
approximately 1’ of arc. 

For the experimental Ss all possible com- 
binations of loading and location were used. 
Location refers to the position of the circle 
at the apex of the triangle (Location A), at 
one end of the base to S’s right (Location B), 
and at the other end of the base to S's left 
(Location C). Loading refers to complete 
presence (positive loading), complete absence 
(negative loading), or random occurrence 
(random loading) of the dot within the circle 
at each The nature of the six 
configurations (Cs) presented to experimental 
Ss are as follows: C;=A+, B—, Cr; C2=A+4, 
Br, C—;C; = A-, Br, C+; C, = A-, B+, 
Cr; C; = Ar, B+, C—; CG, Ar, B—, C 

Control Ss observed circles in which the 
presence or absence of a dot was randomly 
determined for each of the three circles 

For each of the six Cs, four groups of 
experimental Ss received 30, 20, 10, or 0 pre- 
presentations, respectively, of the C at 1-se 
exposure followed by 60 at 
.l-sec. exposure. 


were 


a subtending 


location. 


4. 


presentations 


All Ss were seated in an armchair to which 
was attached panel with three toggle 
switches. Each switch had a neutral center 
position and could be thrown forward to 
indicate the presence of a dot or back toward 
S to indicate the absence of a dot. Small 
ink drawings of circles with or without the 


a 
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dot were placed in the appropriate directions 
for each switch. The switches were mounted 
in a triangular array to provide maximum 
S-R compatibility 

he experimental room was dimly illumi 
nated at 


above S 


all times by a single lamp located 
rhe screen brightness was approxi- 
mately 5 ml 

The instructions, which were read by E, 
informed S that three circles at the points of 
an imaginary equilateral triangle 


flashed on the 


would be 


screen before him and that 


sometimes one or more of the circles would 
contain a dot. <A report on all circles was 
required with instructions to guess if unsure 


No time limit for the response was imposed 
\fter recording S’s responses by noting the 
which lights came on, E 
asked S to return the switches to the neutral 


order in indicator 


positions and to get ready for the next 


presentation 
RESULTS 
The number of errors for each target 
for the prepresentations at 1 sec. was 


each S. Group mean 
errors at each location for the 36 Ss 


obtained for 
of the experimental groups receiving 
10, 20, or 30 prepresentations and 
the 12 control Ss 
30 prepresentations are given in Table 
1. The data for the 
experimental Ss broken down accord- 


ior who received 


same error 
ing to the loading characteristics of 
the circles are also presented. 

No errors were observed beyond the 
tenth the 
groups receiving preliminary experi- 
ence at 


presentation for any of 
The mean total errors 
shown in Table 1 could therefore be 


considered as data from the first block 


1 sec. 


rABLE 1 
Groupe MEAN ERRORS DURING PRELIMINARY 
PRESENTATIONS AT 1 SEc. 
Locatio . Mean 
G n rotal 
kerr 
\ B ( 
Exp. 10 36] 1.3) 1.1/1.1) 1.2/1.2) 1.1 3.5 
Exp. 20 36/1.0'1.0.1.0,1.0/1.0,1.0) 3.0 
Exp. 30 $6) 1.1/1.2) .9)1.2)1.0)1.0) 3.2 
Cont. 30 2)1.2)1.1'1.0; random 3.3 
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Fic. 1. 


ence on 


rhe effect of preliminary experi- 
perceptual 
“loaded” configurations by 


perlormance tor SIX 
experime ital S 
} 


ition by control 


and an “unloaded” configur 


Ss 


of 10 prepresentations with 30 oppor- 
tunities for error. It from 
inspection of the table that regardless 
of location, loading, or the total num- 
ber of prepresentations that Ss finally 


is clear 


received, no systematic variation in 
The magnitude of the 
errors was uniformly low, about 10°;, 


errors exists. 


in every case. 

For the 60 presentations at i eee. 
the number of errors for each target 
was obtained for each S. Group mean 
errors per target are shown in Fig. 1. 
The individual 
guished by 


distin- 
the particular combina- 
tions of loading at the three locations. 


curves ire 


These combinations were referred to 
The 
the 


Configuration (C). 
lig. 1 
means of the two control groups. 
It is apparent that 
practice had little effect on the per- 
formance of control Ss. The mean 
for the Control 0 group is 16.92 and 
that for the Control 30 group is 15.11, 
An analy- 
sis of variance for the control group 
data indicated that the 
in errors as a function of 


earlier as 


solid curve of connects 


preliminary 


a difference of 1.81 errors. 


reduction 
number 
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ol prepresentations at .1 sec. was 
not significant (/ 1.16, df 1/44; 
20 r= oe. The analysis of 
these data also showed that the 


effect of location was not significant 


( f 2.13, df 2/44: 30 < fF < 25), 
nor was the interaction significant 
( f Ry oer 2/44: P 50). 


The control curve is based on two 
points at the extremes of the range 
30. In- 
stead of running 6 Ss as in the experi- 


of prepresentations, 0 and 


mental groups, the number ot Ss was 
doubled for the extreme points to 
increase the power ol the statistical 


test. Based on the Ss within error 
variance, the number of Ss in each 
group required to detect a difference 
between the Cont. 0 and Cont. 30 
means of 1.81 is 145. 

the Ss of 


groups, there is a decrease in errors 


For the experimental 
as a function of the variable, number 


of prepresentations. Separate analy- 
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ses of variance were performed for 
the data of the experimental groups 
that had received the same C. 
for © 
was a significant source of variation. 


Except 
, Number of prepresentations 


The Fs for this source in the analyses 
were 4.78, 8.27, 1.23, 5.67, 3.58, and 
4.73, with 3 and 20 df for C; through 
Cs, respectively. 
for these analyses were homogeneous. 


The error variances 


The best estimate of the population 
variance for these treatments (36.52) 
than that 
found in the control group analysis 
(58.80). 


was significantly smaller 


Loading and Location are neces- 
sarily confounded within any given 
configuration. The main effects of 
these variables can be demonstrated, 
however, by summing over Cs. The 
nature of these effects can be seen in 
the curves of Fig. 2. The left hand 


panel of this figure presents group 
mean errors per target as a function 
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Fic. 2. Changes in perceptual performance as a function of preliminary experience with loading 


as the parameter (left panel) and with location as the parameter (right panel 
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of the number of prepresentations at 
with 
Location) as the parameter. 
right hand panel of Fig. 


1 sec. (regardless of 
In the 
2 the same 
data are used to compute group means 
with Location (regardless of Loading) 
as the parameter for the curves. In 
this figure the solid curves are based 
on the same means as the 
curves of Fig. 1. 


Loading 


control 


In order to assess the significance 
of the main effects of loading for the 
experimental groups, the data were 
treated as follows. Two latin squares 
were constructed so that the rows 
of the squares exhausted the set of 
six Cs. The first square contained 
the data for those experimental groups 
that received C,, Cs, and Cs; the 
second square was for Co, C4, and Cg. 
For each square then, the columns 
represented Target Location ; the rows 
represented Configurations as previ- 
ously defined; and the letters repre- 
sented Loading. It should be empha- 
sized that although these squares were 
constructed, rather than randomly 
selected, together they provide the 
same information as the complete set 
of 12 3 X 3 latin squares. This is 
true because independent groups of 
Ss were randomly assigned to the 
rows. Hence, row permutations of 
any kind cannot influence or bias the 
variance estimate and all possible 
column permutations are contained 
in the six Cs. The variable Number, 
refers to the prepresentations at 1 sec. 
and provides an additional source of 
variation orthogonal to the latin 
square sources. The summaries for 
the separate analyses are presented 
in Table 2. This form for presenting 
the outcome of the statistical treat- 
ment was selected in preference to 
a single combined analysis because 
it provides a comparison of what 
could be considered two independent 
sets of observations, each based on 
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TABLE 2 
ANALYSES OF VARIANCE OF ERRORS 
PER TARGET 
Configura Configura 
tions tions 
1,3,5 2, 4, 6 
Source df Square 1 Square 2 
MS I MS F 
. Loading (L) 2|5480 | 156.57* 4669 | 155.63* 
Target location (T) 2} 467) 13.34*| 478! 15.33* 
Configurations (C) 2} 221 6.31*| 123 4.10* 
Square uniqueness 2| 297 8.49* 699 23.30* 
Number (N) 3} 329 9.40*| 54 18.23* 
N XL 6, 88 2.51*, 106 3.53* 
N XT 6 48 1.37 21 10 
N XC 6 17 49 21 70 
N XU 6 25 71 13 43 
Error: (Ss within) 60, 40 33 
Error: (N X Ss 
within) 120 32 28 
Pooled error sources | 180 35 30 
Total 215 
*P <.05. 


the performance of 72 Ss. It should 
be noted that all basic sources of error 
are of the magnitude. For 
each analysis the insignificant Error, 
(Ss within groups) was pooled with 
the residual error, Errors, to yield a 
single error term appropriate for all 
subsequent F tests. 

The same inferences would follow 
from consideration of either of the 
analyses. The main effects of Load- 
ing, Target Location, Configurations, 
and Number of Prepresentations were 
significant beyond the .05 level in 
both. 

Square uniqueness and the N XK L 
interaction were also significant. Fig- 
ure 2 is based on the combined data 
for all six Cs but nonetheless reflects 
accurately the origin of the N X L 
interaction. The curve for positive 
loading (dot always present) as a 
a function of number of prepresenta- 
tions is initially low and remains so. 
The group means are less than two 
errors per target for all 
preliminary experience. The curves 
for the conditions of random and 
negative loading show a sharp and 
reasonably linear 


same 


levels of 


decrease. These 
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rABLE 3 


MEAN ERRORS PER TARGET FOR EACH 
CONFIGURATION, LOADING, AND 
LOCATION 


( ) Mean 
1 7 (A 11.4 (B) 15.7 (€ 9.3 
3 3 (C 22.4 (A)| 15.2 (B 2.3 
5 1.1 (B 12.1 (C)) 17.9 (A 10.3 
Mean 7 15.3 16.3 10.6 
2 7 (A) | 11.1 (€ 18.0 (B 9.9 
4 1.8 (B) | 22.7 (A 2.3 (¢ 13.3 
6 1 11.4 (B)! 16.5 (A 9 
Mean | 1.3 15.0 15.6 10.7 
Note.—Each entry in Table 3 is the mean of 24 Ss 
six from hir each ¢ 


the four experimental gr 
Using the pooled error tir 





analyses of Table 2 gives a cor alue of 32.5 
as the om per experimental unit f. in the ma 

body of the table is given by the expression ¥2ms/r 
The computed value is 1.65 \ difference as large or 


larger than 3.41 is significant at the .05 level 
marked differences in slope give rise 
to the significant interaction term. 
The interpretation of the 
called Square Uniqueness 
special comment. 


source 
requires 
In the usual anal- 
ysis of an unreplicated 3 X 3 latin 
square, the 8 df would be partitioned 
into 2 df each for row, column, and 
letter effects with 2 df remaining that 
may be used as an error term if there 
are no intrinsic interactions. Repli- 
cating a single square, as is the case 
for each of the squares in the present 
study, makes it possible to determine 
whether or not the particular square 
selected contains a unique pattern 
of confounded interaction effects if 
such interaction exists. In 
as small as the 3 X 3 one cannot 
suppose that confounded interaction 
effects would tend to cancel as they 
do in the larger squares. 


squares 


The signifi- 
cant Square Uniqueness effects in the 
present squares, therefore, means 
that there is some form of interaction 
among the variables Loading, Target 
Locations, and Configurations. 

Table 3, which presents the means 
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obtained by summing over Ss of all 
four experimental groups receiving a 
particular C, makes it possible to 
account for the significant effect that 
Square Uniqueness indicates is pres- 
ent. In general, positive loading 
yields the fewest errors followed by 
the condition of negative loading 
with the random loading condition 
producing the greatest number of 
errors. This pattern obtains for C,, 
Cy, Cs, and Cs. C3; and C, depart 
radically from this pattern, reversing 


9 
2 


the error magnitudes associated with 
negative and random loadings. More- 
over, the the negative 
loadings are the largest in the entire 
table. C3 and Cy, have one thing in 
common—the negatively loaded cir- 
Location A, the apex of 


means for 


cles are at 
the triangle. 

The preceding indicate 
that without specific instructions to 
do so Ss learn to utilize the 
the loaded fields to im- 
prove the accuracy of their perceptual 
reports. 


analyses 


cues 
inherent in 


This learning is a function 
of the amount of prior experienc e with 
the target field. 

Does performance 
change during the presentations at 
the exposure even without 
prior experience? Are the rate and 
extent of such changes dependent 
upon amount of prior experience ? 


proficiency of 


.1-sec. 


To answer these questions blocks 
of 20 consecutive presentations with- 
in the 60 presentations at .1 sec. pro- 
vided three error measures for each 
S. These represent total 
errors for all targets and can take on 
values from 0 to 60 errors. Means 
based on 36 Ss in the experimental 
groups and 12 Ss in the control groups 
are plotted in Fig. 


measures 


3 as a function of 
the ordered blocks of presentations. 
Number of prepresentations at 1 sec. 
is the parameter. 

Summary tables for the separate 
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67 
analyses of variance for the control q 
and experimental groups are presented ™ 
in Table 4. The main effects of _ : 
Number of prepresentations and Con- ° — 
figurations are significant in the case . a eee 
of the experimental groups. Number is —— * 30 Cont 
is not significant as a source of varia- x e mn 
tion in the control group analysis. J ous 
These main effects have their counter- — § ** o exe 
parts in the latin square analyses and v 10F ° ~* 10 Exe 
control group analysis mentioned F , . ~e 20 Ex? 
earlier. - . annie 

The main effect of Blocks is of : 

primary concern in the present analy- 
ses. For the experimental groups, the | 
Block effect and the B X N interac- 4 
tion are significant. Error reduction Ly AF L 
occurs, and does so at a differential ; - 


BLOCKS OF 20 PRESENTATIONS AT O11 SEC 
rate depending upon the number of 


prepresentations, within the 60 pres- 
entations at .1 sec. For the control 


Fic 3. Changes in perceptual performance 
within 60 trials at .1 sec. for control and 
experimental Ss receiving differing amounts 
groups, neither the main effect of of preliminary experience 
Blocks nor the B X N interaction was 
significant at the .05 level. curves for the experimental groups 

When the number of prepresenta- |" Fig. 3. 
tions at 1 sec. is 0, the sharpest drop 
in errors occurs over the blocks of ‘ = ° 

‘ * : Under the conditions of the present 
presentations at .1 sec. With in- , : . : 
: experiment, a reduction in errors in 
reporting the state of three simultane- 
ously presented targets occurred. The 
magnitude of the error reduction was a 
function of amount of prior experience 


DISCUSSION 


creasing numbers of prepresentations, 
the rate of error reduction within the 
60 presentations at .1 sec. decreases 
as indicated by the slopes of the 


TABLE 4 


ANALYSIS OF VARIANCE OF ERRORS PER BLOCK 


Fx nental Grou ( 1 Grou 

WS I Ws } 
Number (N) 3 863.42 23.68* 1 58.68 99 
Configurations (C 5 136.56 3.75* 
NXcC 15 18.40 50 
Error, (Ss within 120 36.46 4.52* 22 58.80 6.30* 
Blocks (B) 2 291.88 36.21* 2 8.35 3.04 
BXN 6 $7.32 5.87* 2 7.68 8 
BS x¢ 10 6.34 79 
BXNxXC 30 3.63 45 
Errore 240 8.06 44 9.33 
Potal 431 71 
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with the targets. This kind of behavioral 
change is considered to be “perceptual 
learning’’ because the reduction in errors 
depended primarily on stable, and hence 
learnable, properties associated with the 
stimulus complex. Even in the absence 
of preliminary observation where con- 
ditions were favorable to seeing the 
relationships among the stimulus ele- 
ments, error reduction attributable to 
the stable cues took place. 

In what appears to be a relatively 
simple observational task some rather 
complex phenomena emerge. The initial 
supposition on which the experimental 
plan was based was that S would notice 
the stable nature of the positively and 
negatively loaded targets and then select 
for his initial fixation point the area 
in which the randomly varying target 
would appear. In this way nearly per- 
fect performance could be expected. 
Moreover, having seen this solution, S’s 
response patterns should show the sud- 
den, insightful shift typically associated 
with problem solving tasks. Such was 
not the case. Instead, the improvement, 
in general, was and incremental 
for tne negatively loaded and randomly 
varying targets. The only marked dis- 
continuity was the extremely rapid reduc- 
tion in errors for the positively loaded 
target. 


slow 


This superior performance with 
respect to the positively loaded target 
coupled with the relatively high number 
of errors for the negatively loaded target, 
especially when the latter occupied a 
nonpreferred position in the stimulus 
field, poses a paradox since both elements 
provide the same degree of stability as a 
cue for learning. 

It is evident that a complete explana- 
tion of the observed relationships will 
depend upon processes other than those 
implied in the original formulation of the 
task. Certainly, Ss will and do acquire 
information about the relationships that 
exist within the stimulus complex. This 
information provides the background 
against which the perceptual responses 
to the complex are made. However, 
even in an arrangement as limited as the 
three binary-valued elements used in 
this study, several additional cognitive 
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and response processes must play a role. 

First, consider the habitual ways of 
scanning the stimulus field (Carmichael 
& Dearborn, 1947). When more than 
one element is simultaneously presented, 
attention will be divided, shifting element 
to element if time allows. Depending 
on the internal relationships within the 
stimulus complex, a variety of possible 
perceived relationships could be educed 
as a function of the relative positions 
of the elements. Or what of the effect 
of set? Perhaps a partial description 
of the perceptual learning phenomena 
reported here rests in the establishment 
of perceptual sets akin to the cognitive 
sets in certain problem solving experi- 
ments (Gardner & Runquist, 1958; 
Kendler, Greenberg, & Richman, 1952). 
Of a similar nature is the finding that 
response sets can be established which 
operate in the absence of any physical 
stimulus (Goldiamond & Hawkins, 1958). 
Not unlike the sets are the 
factors related to S’s criteria for report- 
ing and these, as has been suggested, may 
interact with the more basic variables 
such as intensity which determine the 
probability of seeing (Tanner & Swets, 
1954). 

At present, full-scale investigations 
of various instructional sets and of the 
“probability of seeing’’ effects on the 
kind of perceptual learning reported here 
are being conducted. Until such a time 
as perceptual theory can bring together 
in coherent sequence the complex proc- 
cesses that generate such behaviors, the 
present data should stand as a caution 
to investigators who elect to present 
tachistoscopically complex figures, words, 
and the like and from such _presen- 
tations draw inferences concerning their 
perceptual consequences. 


response 


SUMMARY 


The aim of this study was to determine 
the ways perceptual responses are acquired 
by providing precise control over the nature 
of learnable cues and conditions of detection. 

Three circles located at the points of an 
imaginary equilateral triangle were simul- 
taneously presented to Ss on a screen by 


means of a tachistoscove with instructions 











to report presence or absence of a dot within 
each circle. Loading refers to complete 
presence, complete absence, or random 
occurrence of the dot at a location 

For each of six possible combinations of 
loading and location, four groups of experi- 
mental Ss received 60 presentations at .1-sec. 
exposure following either 0, 10, 20, or 30 
preliminary presentations at 1 sec. Control 
Ss observed circles in which the presence 
or absence of a dot in all circles was randomly 
determined. Since conditions were such that 
it was impossible to observe all circles at 
.1 sec., changes in performance may be 
attributed to experience at the 1 sec. ex- 
posure. 

There was a significant reduction in errors 
as a function of the number of preliminary 
l-sec. presentations under all conditions of 
loading and location. But both location 
and loading influenced the magnitude of the 
error, and there was a significant interaction 
between loading and location. 

Tentative explanations of the obtained 
differential loading and location effects include 
habitual scanning 


procedures, perceptual 
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and criteria used in re- 


porting. 


sets, subjective 
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In the two decades since the publi- 
cation of Gibson’s (1940) well-known 
analysis of verbal transfer in terms of 
generalization and differentiation, an 
impressive amount of research has 
been directed towards tracing out the 
verbal 
ol 
These efforts have produced a body 
results sufficient breadth and 


uniformity to permit the construction 


generalization in 


transter 


effects of 


a wide range situations. 


ol ol 


of fairly general statements of the 
experimental effects of verbal -gen- 
eralization, such as those provided 
by Osgood (1953) and Underwood 
(1949). 


However, comparatively little has 
been done to determine the underlying 
processes responsible for these effects. 
It is generally conceded that verbal 
generalization, aside from that which 
is ascribable to the phonetic or ortho- 
graphic properties of the experimental 
materials, is the result of 
quite different from those governing 
primary Neverthe- 
less, the feeling persists that there 
must be parallels between the two 
phenomena, particularly in regard to 
the roles played by similarities in the 
verbal the physically 
specifiable similarities associated with 
primary generalization. 

It is perhaps for this reason that 
the notion of ‘‘meaning”’ 
invoked in theoretical discussions of 
verbal generalization, because 


pre cesses 


generalization. 


domain and 


is so often 


“‘simi- 


1 This report is based on part of a PhD 
dissertation presented to the Graduate School 
of the University of Minnesota. The author 
is deeply indebted to W. A. Russell and J. J. 
Jenkins for their advice and encouragement 

2 Now at Haskins Laboratories, New York, 
New York. 
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Vinnesota 

larities in meaning’ apparently pro- 
vide a basis for verbal generalization 
that is analogous to the similarities 
in physical attributes 
primary generalization. 


involved in 


In spite of the extremely formidable 
logical and linguistic problems that are 


involved in the notion of “similarities 
of meaning,”’ its use in this context has 
been strengthened by a_ considerable 


amount of experimental evidence clearly 
relating the degree to which verbal mate- 
rials are judged to be similar in meaning 
to the degree of generalization obtaining 
between these materials. Haagen (1943), 
Underwood (1950), 
1951) all 
transfer results in paired associate train- 
ing which that 
effects function 
degree 


Morgan and and 


Underwood have reported 


indicate generalization 
of the 
words in comparable 


increase 
to 


as a 
which 
interlist positions are judged to be similar 
in meaning. 

However, the results of these studies 
another, 
uncontrolled, factor in the experiments. 
The of 
similarity was manipulated 
in all of these experiments by selecting 
words from a set of 400 pairs of adjec 
for (1949) had 
collected ratings of degree of synonymity. 


are possibly contaminated by 


experimental variable, degree 


in meaning, 


tives which Haagen 


But Haagen also obtained, from a sepa 
rate group of judges, ratings of the degree 
these 


correlation 


of associative connection between 
The 
tween the scale values derived from the 
of .20, which 
slightly their individual 
coefficients. Thus, in the 
cited, the generalization 
results can be attributed as much to the 
to 


same word pairs be 


gs 


than 


two sets ratin was was 


only less 
reliability 
experiments 
the similarities 


associative factor as 


in meaning, if, indeed, these appear as 
separate lactors in these studies. 
\lthough degree of semantic similarity 


and degree of associative connection are 
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correlated, it might be 


possible to manipulate them separately 


evidently highly 


because of the considerably broader 
range ol interverbal relations covered 
by associative tendencies. The explora 


desirable, 
(1943) and 


have re 


tion of this possibility is highly 
for McClelland and Heath 
Russell Storms (1955) 
ported transfer experiments which sug 
gest that 
fundamentally 
ot 
studies 


and 


factors may be 


the 


associative 


involved in produc 


T hese 


pronounced 


verbal 
both 
generalization effects 


tion generalization. 
demonstrated 
aCTOss paired asso 
ciate lists containing words in analogous 
interlist positions which were linked by 
as inferred from 


associative tendencies, 


word association norms, but which were 


not semantically related in any acceptable 


sense. 
lhe present experiment was de- 
signed to assess the separate and 


combined generalization effects pro- 
duced by the two different interver- 
bal relations in order to provide some 
further information that might lead to 
a clearer conceptualization of the fac 


tors mediating verbal generalization. 


\LETHOD 
The this 


situation that provided a s 


Strategy ol research required a 


sitive index of 


verbal generalization, and one in which the 
factors of associative strength and similarity 
ot meaning could be separated and their 
effects compared For this purpose i transier 
of training situation was selected that in- 
volved the successive learning of two lists 
ol paired associates containing identical 
stimulus elements The basis for the selec 
tion of this experimental situation is that in 
the successive le rning olf p red-associate 


lists, each cont iining the same set of stimulus 
items, but different response items, generali- 
zation between the responses results in posi 
tive transfer, whereas the lack of generaliza- 


tion results in negative transfer (cf. Osgood, 
1953: Underwood, 1949 In addition, parallel 


experiments conducted by Haagen (1943 
have indicated that this situation is more 
sensitive to generalization effects than those 
in which responses are held constant across 
lists and stimuli varied, or those in which 
both stimulus ind response elements ire 
varied 
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Vaterial With 


mind, lists of 12 paired associates were cor 


these considerations in 


tructed with the same set of words appearing 


as stimulus elements in each Phe response 
elements in List 1 were taken from the 
stimulus words used in the Kent-Rosanoff 


tree association test 
lists 


element in 


Each response element in the other 
was related to a 
List 


ships: 


given response 
1 by one of the following three relation- 
ype A elements were highly frequent 
List 1 


but were judged to bear little or no similarity 


word associates of the response words 


to them in meaning; Type S elements were 


very infrequent word associates of the List 1 
response words, but were judged to be highly 
similar to them in meaning; Type C elements 
were control words which were neither 


iSssO 


nor judged to be similar in meani 


ciates ol, 
to the List 1 re sponse words 


The measure of Irequency of association 


between the List 1 response words and the 
response words in the other lists was ob- 
tained from the frequency with which these 
words appeared as responses to the List 1 
words in the Kent-Rosanoff norms provided 


by Russell and Jenkin 


of similarity of 


s (1954 sure 
between the List 1 
the other lists 
judgme 


The me 
Meaning 
ind 


from 


words those in 
obtaine d 


vic d by 


resporis¢ 


was medi nts pro 
32 judges not otherwise 


he 


were asked to rate each pair of words on a 


t group ol 
pariticipating in the experiment judges 
four-point scale ranging from a minimum at 
“O"’ (defined for them as: 
even opposite in meaning” 


no similarity or 
) toa maximum at 
3’”” (defined as: “identical or very similar in 
meaning” 

From a much larger pool of word pairs for 
which these measurements were available, 36 
selected which 
matched the properties of each of the Type 
\,S,orC relationships to the List 1 re sponse 
words 
difficult 


combined requirements. 


words were most closely 


(It turned out to be exceptionally 
to discover words which these 
Evidently, if a pair 
of words in general use is judged to be similar 
in meaning, it is also quite likely that each 
will be evoked by the other in a word associa- 
tion test Lists 2. 3, 4 were then con- 
structed by pairing each of these words with 
the same stimulus word that had been paired 
with their counterparts in List 1, that 
Lists 2, 3, and 4 each contained four response 


met 


and 


so 


words representing each of the three types of 
interlist relationships 
the lists and the type of relation each of thé 
and 4 bore to 
presented ir 


The composition of 


response words in Lists 2, 3, 
the List 1 response words 


lable 1 


are 
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TABLE 1 


COMPOSITION OF LISTS AND INTERLIST RELATIONS 


List 2 
Stimulus Words List 1 
Jists esponse 

Responses 
BREAD HIGH LOFTY 
COLD STEM rRUNK 
EAGLE SICKNESS HEALTH 
FRUIT QUIET LOUD 
HAMMER SOUR SWEET 
JUSTICE DREAM IMAGINE 
MUTTON LONG SAND 
NEEDLE KING QUEEN 
OCEAN BOY NORTH 
SLOW LIGHT MINI 
TABLE MAN CONTAIN 
THIRSTY HARD DIFFICULT 


All words were carefully screened to elimi- 
nate any other associative or semantic rela- 
tions within or between the lists, and to 
eliminate orthographic similarities and words 
having low frequencies of usage 

In order that differences in the extent of 
generalization might be confidently inferred 
from differences in performance in the trans- 
fer task, it would first be necessary to estab- 
lish that such differences in performance 
could not be attributed to intrinsic differences 
in the ease with which different types of pairs 
are learned, irrespective of the effects of the 
prior learning of the related pairs. For 
this reason it was desirable to have different 


Ty 


NAQAASPOAYS SPUD 


List 3 List 4 
e Responses Type Responses Type 
LEFT . LOW A 
FLOWER A PROVI Cc 
BROOK DISEASE | §S 
HAND Cc SILENCE . = 
ACID S NARROW 's 
MARKET _& SLEEP A 
SHORT A TALL S 
CHIE! S CLOSE 
LAD S GIRL A 
DARK \ GAY S 
HUMAN S WOMAN A 
SOFT A LITTLE ; 


groups of Ss learn the lists in two different 
sequences (Sequences I and II) so that the 
subsequent task in one sequence would be 
the same as the prior task in the other se- 
quence. It was also thought desirable to 
investigate the generalization effects produced 
by the various interlist relations in the recall 
of the original pairs. Therefore, the order of 
tasks presented in Sequence I was: learn List 
1; learn List 2, 3, or 4; recall List 1. The 
comparable order in Sequence II was: learn 
[ak 2, a $; learn List 1; recall List 2, 
3, or 4. 

However, it should be appreciated that the 
associative relation is not necessarily sym- 


or 


TABLE 2 


PERCENTAGE ASSOCIATION AND MEDIAN RATINGS OF SIMILARITY TO LIsT 1 
RESPONSE WorDs FOR WorDs IN EACH TYPE OF INTERLIST RELATION 


| 
| Association | 


. — Simi 

oun A } Seq | Seq larity Type S 
|} i | 

DARK | 64.2 82.2|0.53| acip 
FLOWER 39.9} 1.0} 0.84) CHIEF 
GIRL | 76.2 | 69.8|0.57| DIFFICULT 
HEALTH | 37.3 | 24.8|0.53| DISEASE | 
Loup |34.5| 6.7|0.52| Gay 
LOW | 67.0|64.0/0.53| nuMAN | 
QUEEN” | 74.5|71.0/}0.99| IMAGINE | 
SHORT | 75.2 | 33.3|0.52| Lap | 
SLEEP 44.9) 4.7|0.94| Lorry 
SOFT | 66.9 44.1|0.52| SILENCE 
SWEET | 56.3 | 43.1} 0.53] TALL 
WOMAN | 76.1|61.1/0.57) TRUNK 
Mean 59.4 | 42.8 | 0.63 


| Association | | 


| Association | 


——)} Sim Type ( —| Simi 

Seq. | Sea. larity , Seq. | Sea. larity 
fg get. 

0.2 6.5|1.92| BRooK 0.0 | 0.0 | 0.50 
0.1 | 0.0|2.38| cLosE 0.0 | 0.0 | 0.52 
0.5 |65.5|3.11| contain | 0.0 | 0.0 | 0.53 
0.1 |19.4\244| mann | 0.0 | 0.0 | 0.50 
0.0 | 0.0\2.07| terr | 0.0 | 0.0 0.50 
0.3 | 36.0)1.65| LITTLE | 0.0. | 0.0 | 0.50 
0.0 | 22.3|}2.53| MARKET | 0.0 | 0.0 | 0.53 
0.5 i |3.16| MINE | 0.0 | 0.0 | 0.50 
0.1 |64.0|2.99| Narrow | 0.0 | 0.0 | 0.52 
0.6 | 53.2|3.27| NorTH 0.0 | 0.0 | 0.50 
0.5 |-0.7|1.82| prove | 0.0 | 0.0 |0.53 
0.7 | 0.0|2.25| sanp | 0.0 | 0.0 | 0.50 
| 0.4 | 28.1 | 2.47) 


| | 0.0 | 0.0 | 0.51 
| | | | 
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metric. That is, the extent to which Word A 
evokes Word B as an association response 
is not necessarily the same as the extent to 
which Word B evokes Word A 
necessary 
which the response words in 


Thus it was 
to determine the frequency with 
List 1 tended 
to be given as association responses to their 
counterparts in List 2, 3, or 4. This fre- 
quency was inferred from additional associa- 
tion norms collected by Russell and Jenkins 
(1956) and from norms collected by E from 
139 Ss not otherwise participating in the 
experiment. 

Table 2 presents the interlist association 
and similarity properties in both sequences 
for words in each type of interlist relation. 
It can be seen that on the average the proper- 
ties of the interlist relations in the converse 
order (Sequence II) were different from those 
obtaining in Sequence I in that the response 
words participating in the Type S relation 
were characterized by a substantial degree 
of interlist associative linkages, whereas the 
associative linkages between the words of 
Type A were somewhat weaker than those 
in Sequence II. Since of necessity, the simi- 
larity in meaning relation is symmetric, the 
words representing the Type S interlist rela- 
tion in Sequence II combined to a consider- 
able extent the properties of both Type A 
and Type S relations. 

Procedure.—Seventy-two Ss, students in 
an introductory psychology course, partici- 
pated in the experiment, 36 learning the lists 
in each sequence. In order to obtain a meas- 
ure of the effect of the different lists, Ss were 
further divided into three equal groups within 
each sequence, according to the particular 
lists they were to learn during the different 
phases of the experiment. In Sequence I 
Ss in Groups 1, 2, and 3 learned Lists 2, 3, and 
4, respectively, as their second lists, and in 
Sequence II Lists 2, 3, and 4 were learned 
as their original lists by Groups 1, 2, and 3, 
respectively. 

After a short period of pretraining on a 
practice list of nonsense syllable-digit paired 
associates, Ss proceeded to learn two of the 
experimental lists by the anticipation method, 
with instructions to pronounce aloud both 
stimulus and response words on all occasions. 
The materials were presented on a Hull-type 
memory drum arranged so that the stimulus 
words were exposed for 2 sec. and then were 
joined by the response words for another 2 
sec. Two seconds intervened between the 
presentation of each pair, and 8 sec. separated 
successive trials. The 12 pairs in each list 
were presented in five different orders 

The Ss were instructed to correct all mis- 


takes aloud and to continue practice on the 
lists until all response words had been cor- 
rectly anticipated in a single trial. When 
this criterion had been reached on i*e original 
list, a shutter arrangement on the apparatus 
was shifted to expose the second list, and after 
a brief period for instructions lasting approxi- 
mately 1 min., practice began immediately on 
the second list and continued until the same 
criterion was met. Then, immediately fol- 
lowing an instructional period of the same 
duration in which Ss were told to recall as 
many of the original responses as possible 
on the first trial, the shutter arrangement 
was shifted back to the original list, and the 
recall test and continued until all 
responses had been correctly anticipated in 
one trial. 


began 


RESULTS 


Original list learning.—The number 
of trials required to reach the cri- 
terion of correctly anticipating all 
responses in the original lists was 
analyzed for any overall differences in 
the ease with which the lists were 
learned, irrespective of the types of 
interlist relations in which their com- 
ponent responses would subsequently 
participate. The mean numbers of 
trials needed to attain this criterion 
for Groups 1, 2, and 3 in learning 
List 1 in Sequence I were 13.17, 11.83, 
and 12.67, respectively. The groups 
learning Lists 2, 3, and 4 in Sequence 
Il required 14.38, 11.92, and 11.00, 
respectively. The differences among 
the group performances on these lists 
cannot be considered reliable (F=.92, 
df = 2/66), nor were the other sources 
of variation significant. 

The total numbers of correct antic- 
ipations given by all Ss in learning 
the original lists in each sequence 
were analyzed for differences among 
the different types of interlist rela- 
tions. Since each list contained words 
from each category, measurements of 
Ss’ performance on them cannot be 
considered independent. Therefore, 
Collier’s (1958) modification of the 
model for the analysis of observations 
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correl:ted on one dimension presented 
by Kogan (1948) was applied. 

The total anticipa- 
tions of response words of Types A, 
S, and C, respectively, were 31.69, 
31.89, and 32.39 in Sequence I, and 
32.00, 31.91, and 31.08 in Sequence 
II, and 31.84, 31.90, and 31.73 for the 
The dif- 
ferences among these means cannot 


mean correct 


two sequences combined. 


be considered reliable, nor were any 
reliable differences found between 
groups or sequences (all Fs < .80). 
However, significant Type X Group 
interaction effects did appear in the 
combined sequence analysis (/= 15.11, 
df = 4/132, P< .01) and in the 
analyses of each sequence separately. 
For Sequence I, in which the groups 
were all learning List 1, F = 10.53, 
df = 4/66, P < .01, and for Sequence 
iH. ££ 7.08, dj 4/66, P < .01. 
The appearance of this effect, even 
when the groups were learning the 
same list, suggests that it was due to 
the the 
ease paired 
In Sequence 
I, the difficult pairs in List 1 were 
variously classified as Types A, S, 
and C, according to the interlist 
relations they would form when the 
groups subsequently learned the other 
lists. These differences in learning 
the individual paired associates were 
somehow related to the stimulus 
components of the lists, since certain 


considerable differences in 
with which individual 
associates were learned. 


pairs sharing the same stimulus words 
were uniformly more difficult to learn 
in all the lists. 

This same interaction also appeared 
in analyses of the number of trials 
required to reach the criterion of 
correctly anticipating all responses of 
a given type on a single trial (/ = 8.82, 
df = 4/66, P < .01 in the combined 
sequence analysis). The mean trials 
required to reach this criterion for 
Types A, S, and C, respectively, were 


8.34, 8.95, and 9.23 in Sequence I, 
and 8.92, 8.26, and 9.34 in Sequence 


Il. Neither these differences, nor 
those due to other sources in the 
analysis, can be considered reliable 
(all Fs < 1.80). Thus any type 


differences in performance appearing 
when these lists were presented in the 
transier 


test can be assumed to be 


the differential effect of previous 
learning. 
Second list learning.—The_possi- 


bility that the use of Ss’ performance 
in learning the original list as a covari- 
might effect 
precision in the analysis of the results 
of the recall 
to be the regression 
coefficients between original list per- 
formance the other measures 
were uniformly small and could not be 
regarded as reliably different 


ance control greater 


transfer and tests had 


rejected, as 
and 


irom 
Zero. 

The number of trials required to 
reach the criterion of correctly antici- 
pating in a single trial all responses 
in the second lists, regardless of type 
memberships, was analyzed for over- 
all differences in the learning of the 
lists. For the groups learning List 1 
as their second list in Sequence II, 
9.83, 8.67, 10.50 trials 
required, respectively. The groups 
learning Lists 2, 3, and 4 in Sequence 
I needed 10.67, 9.00, and 9.00 trials, 
respectively. 


and were 


These group perform- 
ances cannot be regarded as different 
(F = .58, d 2/66), were the 
other sources of variance significant. 

Differences in verbal generalization 
related to differences in interlist rela- 
tions have typically been found to 
be greatest in the initial stages of 
second list learning and original list 
relearning (cf. Haagen, 1943; Morgan 
& Underwood, 1950; Osgood, 1946, 
1948; Underwood, 1951). Therefore, 
performances on the first anticipation 


nor 


trial on the second lists were examined. 











ASSOCIATIVE FACTORS 


~! 
Js 


IN VERBAL TRANSFER 


FABLE 3 


ANALYSIS OF VARIANCE OI 


( ect Ar 
First Tria 
us 
Within S 144 
Types 2 31.60 $3 
Types X Seq 2 1.85 2 
Types X Groups } 3.72 5 
Types X Groups X Seq } 90 1 
Error 1 132 72 
Between Ss 71 
Sequences 1 1.50 1 
Groups 2 2.20 1 
Seq xX Groups 2 3.05 2 
Error 2 66 1.11 
* P < 01 


The results of these analyses are pre- 
sented in Table 3. 

A Type X Group interaction effect 
appeared in this analysis as it had in 
analyses of performances in the orig- 
The 


relations 


inal learning of these same lists. 
different interlist 
were also an appreciable source of 


types ol 
variation. 

In order to compare the Type means 
in the 
(1956) 
parisons among all means was fol- 
the 
from the combined sequence analysis 


two sequences, Snedecor’s 


procedure for testing com- 


lowed, using variance estimate 


to establish confidence intervals about 


PERFORMANCES IN LEARNING SECOND LISTS 


ect Ant 1 
All Tria " oie 

I Ws } ws } 
R9O** 753.50 48.30** 71.30 10.45** 
57 173.40 10.45** 34.90 5.2" 
* ay 452.55 29.01 ** 76.30 1S ates 
25 9.98 64 1.10 16 

15.60 6.82 
35 65.50 16 10.20 30 
8 216.05 52 50.10 1.46 
75 117.70 8 30.30 88 

$18.22 34.31 


05 
level, except for the difference be- 
tween the Type A means in the two 
sequences, and the difference between 


quences were significant at the 


the Type A and S means in Sequence 
Il, which could 
reliable. The Type means for each 
sequence are presented in Table 4. 

In order to examine the effect of 
the interlist relations beyond the first 
trials, an analysis of the total correct 
anticipations produc ed throughout the 
course of learning the second lists was 
In addition, the number 
of trials required to reach the criterion 


not be considered 


performed. 


of correctly anticipating all words of 


the means. ‘This indicated that all a given type within a single trial was 
differences within and between se- also analyzed. The results of these 
rABLE 4 
PERFORMANCES ON WorbDs OF EACH TyPE IN LEARNING SECOND LIsTS 
Corre An a Co t Anticipations I oe 4 
First 1 All Trials aia — 

— Se el Seq ell Sequence I Sequence II Sequence I Sequence II 

Mean SD Mean SD Mean | SD | Mean SD Mea SD Mean SD 

\ 1.97 99 1.78 97 | 33.00) 11.97 31.42 | 13.68! 5.56 3.82 6.56 1.60 

S 1.27 94 1.56 1.23 30.39 | 11.08 | 30.78 | 12.71) 6.64 4.34 6.12 $09 

& 36 63 78 26 | 23.72 | 12.14 | 28.22 | 12.23 | 8.81 3.59 7.23 4.16 
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rABLE 5 


ANALYSIS OF VARIANCE O1 


PERFORMANCES IN RECALLING AND RELEARNING 
ORIGINAL 


LIsTs 


Correct Anticipations | Correct Anticipations . 
Recall Trial All Trials Trials to Criterion 
Source df 
MS F MS F MS F 
Within Ss 144 
Types 2} 17.00 | 20.24** 59.60 | 4.53* 12.85 | 3.34* 
Types X Seq. 2 20 24 420 | 32 1.20 31 
Types X Groups 4 6.75 8.04** 94.40 iio” | ae | Ct 
Types X Groups X Seq. 4 .90 1.07 6.20 47 2.72 71 
Error 1 132 .84 13.15 3.85 
Between Ss 71 
Sequences 1 .00 .00 .00 00 17.20 1.28 
Groups 2 2.60 1.50 156.10 48 10.90 81 
Seq. X Groups 2 .50 29 32.05 10 5.45 40 
Error 2 66 1.73 323.31 13.48 
*P <.05. 
Pr < Si. 
analyses are also presented in Table 3. Recall and relearning of original 


In both analyses the Type effect 
continued to be significant. Again, 
the Type X Group effect appeared in 
each, and the Type X Sequence effect 
also attained significance in these 
analyses. The Type means within 
each sequence in both analyses are 
presented in Table 4. 

Applying Snedecor’s procedure to 
the means of the total correct antici- 
pations produced on all trials revealed 
that all Type differences within each 
sequence were significant, except for 
that between Types A and S in Se- 
quence II. All Type differences 
between sequences were significant 
except for those between Type S in 
Sequence I and Types A and §S in 
Sequence II. 

In the analysis of the trials required 
to reach criterion, all! differences with- 
in Sequence I were found to be signifi- 
cant, but in Sequence II Types A and 
S were different from Type C but 
not from each other. Between se- 
quences, all differences were reliable 
except for those between Type S in 
Sequence I and Type A in Sequence 
II and between the two Type S means. 


lists—The relearning of the original 
lists was a comparatively easy task 
for all Ss. The numbers of trials 
needed in Sequence I to reattain cri- 
terion on List 1 were 4.75, 5.00, and 
6.08 for Groups 1, 2, and 3, respec- 
tively, while in Sequence II the groups 
relearning Lists 2, 3, and 4 required 
5.92, 6.17, and 7.50 trials, respectively. 
The differences between these groups 
cannot considered _ significant 
(F = .89, df = 2/66), nor were the 
other sources of variance significant. 

The analyses of the number of 
correct anticipations for words of 
each type on the recall trial are pre- 
sented in Table 5. Both Type and 
Type X Group interaction effects were 
found. Within both sequences Types 
A and S differ significantly from Type 
C, but not from each other. None 
of the Type A and S differences be- 
tween sequences were reliable, but each 
was significantly different from either 
Type C means. The type means 
from both sequences are presented in 
Table 6. 

Performance on relearning the orig- 
inal lists was measured by the total 


be 








ASSOCIATIVE FACTORS 


correct anticipations given on all 
trials and by the number of trials 
required to reattain criterion. Anal- 
yses of these performances are pre- 
sented in Table 5. Both Type and 
Type X Group effects appeared in 
each analysis. The Type means in 
each Sequence obtained from analysis 
of both measures of relearning are 
presented in Table 6. 

In the the number 
of correct anticipations produced 
throughout relearning, it was found 
that, within both sequences, Types A 
and S were both reliably different 
from Type C, but not from each 
other. As in the recall test, none of 
the Types A and S differences between 
sequences were reliable, but each was 
itself significantly different from either 
Type C means. 


analysis of 


The analysis of the number of trials 
required to reach the relearning cri- 
terion in Sequence I indicated that 
the Type A and S means were each 
reliably different from the Type C 
mean, but not from each other. None 
of the differences among the Sequence 


Il means were significant. Type A 
in Sequence I differed from all Se- 


quence II means and Type S in 
Sequence | differed from Types A 
and C in Sequence II, but none of the 
other between-sequence 
were reliable. 


differences 


IN VERBAL TRANSFER 


DISCUSSION 


All analyses of second-list learning and 
first-list recall and 
indicate that associative 
tions are sufficient to produce verbal 
generalization. Indeed, the results of 
the most sensitive test of interlist trans- 
fer indicate that words participating in 
associative relations, irrespective of any 
attendant semantic affinities, were more 
easily anticipated than words linked 
only by semantic relations. This sug- 
gests that associative relations may even 
be a necessary factor in interverbal 
generalization, and that words having 
semantic relations typically yield gen- 
eralization effects only because they are 
usually associated or that they are par- 
ticularly susceptible to being temporarily 
associated. 

If this were so, the manner in which 
associative factors operate might be as 
follows. At the start of learning the 
pairs in the transfer tests, the responses 
most likely to occur upon the initial 
presentations of the stimulus words are 
those which have been paired to these 
same words in the initial lists. But be- 
cause of the establishment of associative 
connections to the 
substantial 
responses, 
preceding 


clearly 
interlist rela- 


relearning 


prior 
there exists a 
these 


experiment, 
tendency for 
intruding from the 
to evoke the correct 
responses in the transfer tests. Hence, 
these presumably implicit interlist intru- 
sions facilitate the learning of the second 


lists, 


list, as their occurrences act as mnemonic 
aids to learning the transfer list. 


TABLE 6 


PERFORMANCES ON Worps OF EACH TyPt 
ORIGINAL 


Correct Anticipations 


Recall Trial 


Sequence I Sequence II 


Mean SD Mean SD 
2.94 
2.69 
1.92 


1.00 
1.02 
1.16 


2.81 
2.69 
1.96 


1.02 
1.10 


1.22 


rrect Antic 
All Tr 


“nce I 


IN RECALLING AND RELEARNING 
Lists 


ipations 


ials Trials to Cr 


iterion 


Sequence II 


SD Mean SD 
15.86 
16.25 
14.89 


9.81 
9.93 
10.95 
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This formulation has considerable ap- 
peal because it is readily extendable to 
other generalization situations, and be 
cause the mediating processes referred 
exclusively Thus, they 
are presumably subject to rather direct 


to are verbal. 
assessment and manipulation, and require 
no supplementary theoretical treatments 
of semantics or other 


redoubtable topics. 


phil Se yphically 


In spite of its appeal, this formulation 
of verbal generalization does not seem 
to account for the transfer 
found for participating in the 
Type S interlist relation in Sequence I, 
where the required associative connec- 
lists 
lacking. However, this failure may not 
be in the formulation itself, but in the 
index of associative connection 


positive 
words 


tions between were apparently 


used in 
The strength of some 
associative 


this experiment. 
of the interlist connections 
between the words of Type S in Sequence 
I may considerably greater 
in the experimental situation than had 
been inferred from the word association 
test norms. That is, there have 
been features of the experimental situa- 
tion which produced a temporary in- 
crease in the strength of the interlist 
connections between some of the words 
of Type S sufficient to account for the 
limited positive transfer found. 

A study reported by (1958) 
provides evidence for the possibility that 
temporary supplemental 
of associative 


have been 


may 


Storms 


strengthening 
connections occur 
under conditions similar to this. A list 
of words was read aloud to a group of Ss 
who were told they subse 
quently tested for their retention of these 
words. The list contained a number of 
words which appeared with very low fre- 
quency as associative responses to a set of 
words in an test 
(median frequency was 1%). When the 
association test was administered under 
these conditions, the median net increase 
in responding with the words which had 
recently heard 18%. Evi- 
dently, these conditions made the usually 
weak ‘more 
association. 
The present 


does 


were to be 


stimulus association 


been was 


response available” for 


experiment provides a 


situation in which the strength of some 
of the between 
the words of Type S in Sequence I, 
although very low under most conditions, 
may 


associative connections 


have been temporarily supple 
mented in a manner similar to that found 
by Storms, for on the first exposure to 
the list, Ss told to 
the words aloud and try to anticipate 
them correctly thereafter. 
bility is empirically meaningful, for it 
may be possible to discover associative 
connections that not susceptible 
to supplemental strengthening, or to 
present materials in generalization tests 
which do not provide the conditions 
for supplemental strengthening of weak 
associations. 


transfer were read 


This possi- 


are 


SUMMARY 


lransfer and recall of lists of paired asso- 
ciates were compared in situations in which 
the original and subsequent lists had identical 
stimulus but in which the 
words were variously related. 


words response 
rhe response 
words in the different lists were either strongly 
associated but not similar in meaning, highly 
similar in meaning but not associated, both 
similar in meaning and associated, or neither 
similar in meaning nor associated. 

rhe results indicated that positive transfer 
occurred whenever the words were linked by 
associative connections, irrespec tive of seman- 
tic relations. Some positive transfer also 
occurred to a lesser extent across words highly 
similar in meaning but only weakly associated 
It was suggested that the latter result was 
due to a temporary supplementation of some 
of the interlist associations connecting these 
words. 

rhe results suggested a formulation of 
verbal generalization in which the tendency 
for the occurrence of the generalized responses 
is increased because of their associative con- 
nections to the responses learned in the 
On the basis of this formula- 
tion, generalization 


original task. 
between words judged 
to be similar in meaning occurs only because 
associative tendencies connecting them are 


usually present in Ss’ verbal behavior. 
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THE INFLUENCE OF THIRST AND SCHEDULES 
OF REINFORCEMENT-NONREINFORCEMENT ' 
RATIOS UPON BRIGHTNESS 
DISCRIMINATION ! 


ROY LACHMAN 


Hollins College 


Experimental variations of appeti- 
tional drive states have produced 
assorted behavioral effects. The re- 
sults research directed toward 
uncovering the relationship between 
drive and discrimination processes 
have been most conflicting (Birch, 
1945; Dodson, 1918; Meyer, 1951; 
Myers, 1952; Tolman & Gleitman, 
1949). This may be due in part to 
certain effects of deprivation time 
(Ta) that interact with other variables 
to produce the behavior observed. 

Limiting our inquiry to brightness 
discrimination tasks, it would appear 
that various drive levels produce 
specific differences in limited aspects 
of the For example, an 
increase in 7y will result in, among 
other things, an rate of 
locomotion. Consider now the effect 
this will have upon other variables: 
faster running results in less delay of 
reinforcement (7,); also faster run- 
ning permits the stimuli to impinge on 
the organism's receptors for a shorter 
period of time (7,4). Thus, a low- 
drive producing slow locomotion will 
result in a longer delay of reinforce- 
ment which may in turn slow up the 


of 


response. 


increased 


1 This article is based upon a disserta- 
tion submitted to the Department of Psy- 
chology, New York University, in partial 
fulfillment of the requirements for the PhD 
degree. The author is greatly indebted to 
his sponsor, H. H. Kendler, for his advice and 
encouragement throughout the course of this 
investigation. Thanks are also due M. R. 
D’Amato for technical assistance. The study 
was conducted during the author's tenure as a 
Samuel S. Fels Fellow. 
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acquisition rate for the choice be- 
havior. In contrast, the longer la- 
tencies of low motivation will increase 
the stimulus duration time (7,4) pos- 
sibly resulting in quicker learning 
(Amsel, 1952). The relationship be- 
tween drive level and 7,4 — 7, was 
one of the considerations that gener- 
ated a ‘‘miniature theory,” the details 
of which are presented 
(Lachman, 1960). 

The present study seeks to apply 
the delay of reward, stimulus duration 
interpretation of drive to the learning 
of a difficult discrimination. The 
superiority of high-drive Ss should be 
limited to the learning of easy dis- 
crimination problems where a shorter 
delay of reward is produced by high- 
drive locomotion rates. In a difficult 
discrimination, the duration of choice- 
point stimulation is assumed to be 
critical. Here, the superior delay of 
reward for high-drive and the superior 
stimulus duration interval of low-drive 
might cancel each other. Drive level, 
therefore, would produce no differ- 
ences in rate of learning. Differences 
in learning rate between high- and 
low-drive groups in a difficult dis- 
crimination should be reinstated if 
the choice-point 7,4 level is equated 
for the respective drive groups. 

Control of choice-point 7,4, might 
be accomplished in a Y maze by em- 
ploying transparent doors and a 
starting interval of sufficient duration. 
With transparent doors, gross differ- 
ences might be eliminated in the 
duration during which high- and low- 


elsewhere 
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drive groups observe the cue charac- 


teristics of the choice point. A facili- 
tative effect of high-drive should 
occur. If opaque doors are employed 


in a discrimination problem of the 
same high difficulty level, differences 
in learning rate due to drive should 
not occur. 

Comparisons of discrimination at- 
tainment between conditions of opaque 
and transparent doors might be most 
interesting if forced choice training 
is employed. The two types of maze 
door vary the character of choice- 
point choice 
trials and an empirical interpretation 
might be provided for the forced choice 
training procedure. 

A problem of no minor theoretical 
importance is the relative influence 
of trials terminating with the selection 
of the reinforced and nonreinforced 
discriminanda alternatives. In the 
free response situation, the ratio of 
occurrences of and 
rect uncontrolled 
consequence of S’s behavior. 

During discrimination acquisition 
with a nonpreferred S+ (e.g., the 
reinforcement of responses to the 
brighter stimulus for negatively photo- 
tropic organisms), the proportion of 
R-+ responses begins in the neighbor- 
hood of .25 and terminates at unity. 
The initial R+ proportion for a pre- 
ferred S+ is of the 
Differences in acquisition with pre- 


stimulation on forced 


correct incor- 


responses is an 


order of .75. 


ferred and nonpreferred discriminanda 
may involve different learning rates 
(slopes) as well as unequal initial 
habit Stated differently, the 
problem involves the relative influence 


levels. 


upon discrimination acquisition of 
responses to S+ as compared with 
responses to S—. This problem may 
be investigated by keeping the initial 
habit level constant (employing the 


nonpreferred cue as S+) and varving 


the response ratio (R+ to S+) 
(R— to S—) by forced choice trials. 
The investigation thus concerns 


three areas of influence upon discrim- 
ination learning: drive level, choice- 
point cue availability, and the ratio of 
responses to the stimulus alternatives. 


METHOD 


Subjects—The Ss were experimentally 
naive, male albino rats obtained from the 
Blue Spruce Farms. At the start of the 
experiment, they ranged in age from 65 to 85 
days. The results are based on data collected 
from 72 Ss, 6inacell. Of the 36 low-drive 
Ss, 4 were replaced owing to failure to run 

A pparatus The discrimination 
ment? of completely 
mazes, 


equip 
consisted 
single-unit Y 
identical arms. 


automat 
each possessing three 
This arrangement permitted 
automatic programing of training conditions 
and dispensed with the handling of Ss be 
tween successive trials of the same day. The 
four Y mazes were completely independent 
and identical in structure, except for opaque 
vs. transparent doors. Self-contained, elec- 
tronic programing devices were available for 
each set of apparatus. 
or three at a time The latency 
well as the experimental program 
for each S on every trial were stored in “‘mem- 
ory” equipment. Every 5 sec. a scanning 
collected the data for each appa- 
ratus and transmitted it to a Clary “print- 
out” which recorded 
continuous tape. 

At the start of the daily training session, 
S was placed in one of the three arms which 
served, for that trial, as a starting compart 


The Ss were run two 
and choice 
data as 


device 


the information on a 


ment. One of the remaining two arms con 
tained S+, the positive stimulus, while the 
other one contained S After S made his 
choice trial, the arm 
which he chose became the starting compart 
ment for the next trial. 
contained S+ and S 
tinued until S completed the 
trials programed. 

Maintenance (experimental operations for 
the drive concept). levels of 
deprivation were utilized. High-drive Ss 
were watered for 4 hr. on alternate 
15 min. after being removed from the appa- 
ratus. Low-drive Ss were watered for 10 min., 
4 hr. prior to training, and were administered 


and « ompleted the 


The other two arms 


I his prom edure con 


number of 


Two water 


days 


2? The apparatus was designed by M, R, 
D'Amato (cf. D'Amato & Jagoda, 1960 
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after 
took place every 


a second water ration for 1 hr., 15 min 


training Since training 
nontraining days, low-drive 
10 min. followed by an 
additional 1 hr. of water, 


later. 


second day, on 

Ss were watered for 

idministered 5 hr. 

it all times in the 

\ temperature of 78° + 3 
) 


Food was present 
and 
5% and 


were maintained in the living quarters 


home Cape. 
relative humidity varying between 
15% 
and experimental rooms 

Disc \ free choice or 
forced response to the bright arm (S+) was 
always rewarded with water; responses to the 


rimination training 


dark arm (S were never rewarded rhe 
starting stimulus was a flashing light less 
than .2 ft-c in intensity; S+ was a con- 
tinuous light of 1.6 ft-c.; S + ft-« The 
intervals employed were: stimulus, 10 se 
t .5 sec.; intertrial, 25 sec. + 2.5 sec. (lights 


8 sec + 5 sex The water re 
) - 


inforcement duration was 2 sec. + .5 sec., i.e. 


out); starting, 


S was permitted to drink for an average of 
2 sec. after making physical contact with the 
water. 

Forced trials were employed to produce 
ratios of correct responses to i 
of 3/1, 1/1, and 1/3 This was 
accomplished by programing blocks of 4 
One of the forced 
trials was programed as contingent upon the 
trial; the trial 
produced a response which was opposite to 


incorrect re- 


sponses 
trials, 1 free and 3 forced 


tree contingent always 


the free trial response. The remaining two 
forced trials were either both positive, or 
both negative, or one positive and one nega- 
tive; the ratios stated were thus produced 
Since brighter stimulus 
received 100°, reinforcement and those to the 
darker stimulus received 0% 


responses to the 


reinforcement, 


Ss with a correct /incorrect ratio of 35+/1S 








ended each interval of 4 trials with 75°; of 
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BLOCKS OF FREE CHOICE TRIALS 
FIG 1 The percentage of correct re- 


sponses on tree « hoice trials for forced choice 


response schedule groups 


rABLE 1 


ANALYSIS OF VARIANCI 
CORRECT 


FOR THE NUMBER OF 
RESPONSES ON Day 5 


Source Uf WS I 
Schedules (S 2 108.10 3.50* 
Drive (Dr 1 36.13 1.17 
Doors (Do 1 342.35 11.08** 
S xX Dr 2 35.78 1.16 
S X Do 2 1.26 <1 
Do X Dr 1 1.12 <1 
S X Dr X Do 2 34.13 1.10 
Within 60 30.89 
lotal 71 

*P <.05 
**P < O1 
their training trials to the reinforced arm 


(Group 75% Likewise, for each block of 


+ trials, the 1S+/1S and 18+/35S ratio 
groups were administered forced choices 
that resulted in 50°, (Group 50%) and 25‘ 


trials, 
being run to the correct stimulus. On the 
final day of training, all 40 trials were free 
rhe final test trials were employed because 


(Group 25%) of their respectively, 


postremity effects were suspec ted to be oper- 
ating in the forced trial phase of training 
hat is, the response on a free trial may have 
the direction of forcing 
preceding forced trial 
Furthermore, the free trials of the final day 
eliminated the long latencies typically en- 
countered during the terminal stages of 
forced choice training (Spence, Goodrich, & 
Ross, 1959). 

All Ss were given 20 trials on Day 1 and 
40 trials a day on Days 2 to 5. A detailed 
account of forcing procedure and preliminary 
training will (1960, 
Exp. 2). 

Experimental design.—A 
sign was adopted: High (H 
thirst drive; transparent (T) 
maze doors; and three ratios of 
3/1 (75% choice of S+), 1 
S+), and 1 


been influenced by 


on the immediately 


be found in Lachman 


2x 2x3 & 

and low (L 
and opaque (O 
response, 
1 (50% choice of 
3 (25% choice of S+ 


RESULTS 


Figure 1 shows the learning curves 
for the three response schedule groups. 
The curves begin at 
level because of Ss’ preference for 
S— (dark). By Day 4, differences 
are still and all groups are 
responding slightly above the chance 


below-chance 


absent 





BRIGHTNESS 
level. The exclusively free choice 
trials of Day 5 exhibit divergent 
curves. During the terminal 10 trials 
of Day 5, Group 25‘ 
close to the 90% 


level, Group 75% is performing near 


© is responding 
correct’ response 
the 70% level, and Group 50% is 
between the two. 

Table 1 


variance for 


reports the 
the number of 
responses on Day 5; 


analysis ol 
correct 
Table 2 reports 
the individual cell means. The anal- 
ysis produced two significant effects: 
schedules of forced choice responses 
The 
average number of correct responses 
on Day 5 is 31.42 for Group 25% 


the with 25% 


and transparent-opaque doors. 


(i.e., group trained 


rABLE 2 


MEANS: THE AVERAGE NUMBER Of! 
CORRECT RESPONSES ON Day 5 


Cel 


29.3 


23.3 


6.0 


28.83 for 


and 75% of R-), 
Group for Group 


50%, and 27.21 
75%. For transparent 
the 
are, respectively, 31.33 and 26.97. 


and opaque 


doors correct response averages 


The differences in learning rate for 


drive levels are not significant. The 
high-drive Ss 
29.86 correct responses on Day 5, the 
28.44. 


interactions were obtained. 


made an average of 


low-drive Ss No significant 


Figure 2 graphically reveals the 
reason for the significant door effect. 
Group T (transparent doors) started 
higher level of 
response throughout the training days 


and remained at a 
of intermixed free and forced choice 
trials. On the totally 
trials of Day 5, the performance of 


free choice 


DISCRIMINATION 


% OF CORRECT RESPONSES 


BLOCKS OF FREE CHOICE TRIALS 

Fic. 2 The correct re 
sponses on free choice trials for transparent 
and opaque conditions 


percentage ol 


Group T continues to improve with 
terminal responses at the 87° 
By the second block 
of 10 trials for the same day, Group O 
levels off at the 70% level and remains 
there until the termination of training. 

Thus the data that 
transparent doors in a combined free 
and forced choice situation facilitate 
discrimination learning and that the 
speed of this learning tends to increase 
with 


Xe correct- 
response level. 


choice show 


greater proportions of nega- 
tive instances (incorrect, unrewarded, 
forced choices). 

The results for the running data 


The 


trials completed 


are presented in Fig. 3. per- 


centage of within 


2 


LE 


SECONDS OR 


TRIALS RUN IN 2 


% OF 





DAYS 


ind forced 
and free trials (Davy 5 


Fic. 3. The percentage of free 
trials (Days 1 to 4 


) 


run in 2 sec. or less for drive and response 


s hedule groups 
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PABLE 3 


CeL_t MEANS: THE AVERAGE NUMBER OI 
[RIALS COMPLETED WITHIN 2 SEc. 
FOR ALL TRAINING Days 


High Drive Low Drive 


Schedules | 


Transparent| Opaque} Transparent) Opaque 


84.17 
110.83 


85.83) 
94.67 


136.00 |122.17} 80. 
| | 


2 sec. is plotted as a function of train- 


ing days. Forced choice response 
groups for each of the drive levels are 
plotted as parameters. Each curve 
represents the running data for 12 Ss 
since transparent-opaque 


collapsed 


cells were 
for graphic presentation. 
Figure 3 indicates that rate of running 
with the proportion of 
forced choices to the rewarded stimu- 
lus and with drive level. Group H- 
75% improves its locomotion rate in 
a highly accelerated fashion. The 
running time of Group H-50% is like- 
wise facilitated but to a lesser degree. 


increases 


Group L-75% is facilitated in running 
speed to a degree that eliminates 
running differences between it and 
Group H-25%. 

Since running times of less than 1 
sec. were recorded as 1 sec., the large 
number of 1-sec. scores precluded the 
utilization of logarithmic or reciprocal 
transformations. As a result, the 
number of trials completed in 2 sec. 
or less was computed for each S. 
Enumeration data, thus obtained, 
more closely approximated analysis 
of variance assumptions. ‘‘Percent- 
age of trials completed within 2 sec.” 
also provided the best single descrip- 
tive statistic. Correlations computed 
between the 2-sec. trial measure and 
more conventional measures of run- 
ning time were higher than the inter- 
correlations of the conventional loco- 
motion scores (Lachman, 1960, Exp. 1.) 


The running time averages for each 
cell is presented in Table 3. The 
analysis of variance based on these 
data is presented in Table 4. The 
score for each S is based on the total 
number of its trials completed with a 
running rate of 2 sec. or less. Forced 
choice schedules and drive level are 
both highly significant. No 
actions are significant. 


inter- 


DISCUSSION 


The 


strain 


results here 
the credibility 


obtained severely 
of the stimulus 
duration, delay of reward, drive model. 
Most damaging for the model are the 
locomotion data. Although both high 
drive and greater proportions of forced 
choice trials to the rewarded stimulus 
markedly accelerate locomotive behavior, 
only the latter influences choice behavior. 
If differences in delay of reward and 
choice-point 
functionally 


stimulus duration are 
related to discrimination 
acquisition, then acquisition effects should 
occur regardless of the ultimate source 
of the differential reward delay and cue 
duration. Response ratio schedules and 
thirst drive have similar effects on run- 
ning rate and presumably upon the delay 
and duration variables; similarities in 

e acquisition of choice behavior should 
result. Clearly, this is not the case. 
Forced choice response schedules influ- 
enced both running time and discrimi- 
nation learning. An increasing propor- 


TABLE 4 


ANALYSIS OF VARIANCE FOR THE NUMBER OF 
TRIALS COMPLETED WITHIN 2 SEc. 


Source df MS I 


Schedules (S) 
Drive (Dr) 
Doors (Do) 


2 11.40*** 
1 
1 
S X Dr 2 
2 
1 
) 


40.24*** 


| 7,374.85 | 

| 26,030.01 

| 931.68 | 
737.93 
68.34 
91.13 
582.04 
646.87 | 


S & Do 

Dr X Do 

S X Dr X& Do 2 
Within 60 


Total 71 


P< O01. 
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tion of 
forced 


instances (rewarded 
S+) increased the 
acquisition of the running response and 
perhaps its asymptote while simulta- 
neously retarding the acquisition of the 
discrimination habit. 


positive 
choices of 


In contrast, thirst 
level produced no influence upon the 
measure of discrimination learning, al- 
though it significantly influenced locomo- 
tion rate. These findings support the 
conclusion that discrimination learning 
is, to a degree, independent of the con- 
current locomotive behavior and a 
concurrent or multiple habit hypothesis 
may be warranted. 

Asymmetry of forced responses to the 
rewarded and negative 
an interesting problem. Group 
ran three-fourths of its training trials 
to S+. Thus, this group received both 
a greater number of trials and a greater 
number of reinforced trials to the posi- 
tive stimulus as compared with Group 
25%. 


stimuli poses 


eae 
75% 


If a simple reinforcement model 
assumes no influence of negative (non- 
rewarded) instances, then according to 
either a reinforcement or a contiguity 
hypothesis Group 75% should have 
exhibited superior discrimination learn- 
ing. The opposite was observed. It 
follows that neither a simple reinforce- 
ment nor contiguity theory can account 
for this result. The attempt to reduce 
the acquisition rules for discrimination 
learning to a single learning principle 
would appear to involve an oversimplifi- 
cation. 


Special rules of acquisition ap- 


pear to be necessary in order to account 
for the choice data of discrimination 
learning. In contrast, a simple rein- 
forcement assumption adequately de- 
scribes the acquisition of the running 
response. 

The observations are con- 
sistent with the results of Denny and 
Dunham (1951) with rats and Cantor 
and Spiker (1954) with preschool chil- 
dren. These two investigations, unlike 
the present study, kept the number of 
positive instances constant and varied 
the number of negative instances. 

The possible aversive effect of nega- 
tive instances is by no means a novel 
formulation and 


present 


has been considered, 


among others, by Spence (1958, p. 101). 
He postulated fractional antedating frus- 
tration 
choice 


reactions (r;) for nonrewarded 
Perhaps an r,—ry 
model is required to account for the 
present data. 
theory, the data 
(superiority of negative instances) would 
be interpreted as demonstrating a steeper 
acquisition gradient for r; as compared 
with the acquisition of r,. That is, 
classical avoidance 


responses. 


According to an r,—r?; 


response schedule 


conditioning of an 
to the nonrewarded stimulus 
would appear to occur at a faster rate 
than the conditioning of r, to the positive 
stimulus. 
were 


response 


If the correct choice response 
assumed to increase in 
with higher levels of both r, and r,;, the 
superiority of Group 25% would reflect 
the greater degree of conditioning of ry. 
It will that forced choice 
training terminated prior to the 
appearance of difference in 
rate to S+ and S—. On 
trials were free choice. 


strength 


be recalled 
was 
locomotion 
Day 5, all 
The locomotion 
rates on Day 5 for the several experi- 
mental groups maintain the same rela- 
tive order as on the previous days when 
forced choice training was administered. 
Consequently, the granhic presentation 
and locomotion 
based on data for all trials: 


analysis of rates was 
free, correct 
forced choice, and incorrect forced choice. 

Continuing the analysis according to 
Spence’s theory, the superior locomotion 
rate of the 75% groups might be inter 
preted as reflecting a higher quantitative 
level of the intervening variable K. The 
slower running rate for the 25% groups 
could be interpreted as reflecting a 
greater level of J or a smaller relative 
level of K. In either case, the Hull- 
Spence assumption that “locomotion and 
choice behavior are equivalent indices of 
reaction potential” is in trouble. The 
results for the 75% and 25% groups 
indicate an inverse relationship between 
level of discrimination learning and loco- 
motion rate under the initial conditions 
of the present study. Group 75% ex 
hibited a greater rate of locomotion and 
an inferior level of discrimination learn- 
ing. 


25%. Actually, separate mathematical 


The reverse was observed for Group 
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expressions are required to represent 
accurately the acquisition of choice and 
of running. 

to the thirst 


data, a more serious difficulty 


If we turn for a moment 
arises for 
the hypothesis of locomotion and choice 
behavior as equivalent indices of reaction 
potential. In addition, the thirst data 
require a modification of the Hull-Spence 
assumptions interrela- 
tions between the intervening variables. 
Drive level produced a highly significant 
effect upon locomotion while at the same 
time producing no observable influence 
upon choice behavior. It follows that 
although the argument, E+ = DX H+, 
is a satisfactory hypothesis for the run- 
ning data, the expression, (£+)-(E—) 
= (H+)-(H—), is more consistent with 
the choice behavior of the 


concerning the 


present re- 
search. There is an alternative manner 
by which Hull-Spence theory may accom- 
modate the thirst. 
The assumptions concerning the coor- 
dinating definitions of D could be modi- 
fied. That is, hunger and thirst manipu- 
lations may be assumed to have different 
influences upon D. This 
warrants serious consideration. 
The results produced by 


present effects of 


possibility 


differential 
accessibility of choice-point cues result- 
ing from the opaque and transparent 
Dis- 


significantly 


doors require some 
crimination learning 
facilitated by the transparent 
The transparent condition permitted 
additional reception of choice-point cues 


explanation. 
was 
doors. 


during the starting interval and observa- 
tion of stimuli from the unavailable arm 
during the trial. 
have 


fore ed 
Thus, the enhancement effect may 
occurred at either locus. 


running of a 


A preliminary 
study (Lachman, 1960, Exp. 1) involved 
transparent doors without forced trials. 
Since the doors did not 
enhance the discrimination in this pre- 
liminary study but did so in the present 
study, the locus of this effect appears 
to be at the choice point during forced 
trials. The argument, H = f(N), might 
be refined so that N is defined not solely 
as the number of training trials but in- 
cludes a term for the 


transparent 


proportion of 


LACHMAN 


stimulus information available 


training. 


during 


The discussion, thus far, has concerned 
theoretical approaches that include the 
noncorrection training procedure within 
their boundary 
rection maze 


conditions. Noncor- 
has generated 
considerable difficulty for Estes’ theory 
(1959, p. 416) especially in relation to 
the effects of nonreinforcement. The 
present results suggest that at least 
early in acquisition, nonreinforced re- 
sponses have important consequences. 
relative increment in the 
probability of R+ occurs after a response 
to S— than after a response to S+. 
With respect to the model that initi- 
ated this research, it must be concluded 
that the model cannot be evaluated as 
true or false (or more appropriately as 
promising or unpromising). It is pos- 
sible that the valid but the 
technique (thirst) used to evaluate it is 
The present data 
potently imply that the model may be 
invalid. To clearly demonstrate either 
of these two possibilities, more research is 


learning 


A greater 


model is 


not appropriate. 


needed, perhaps with hunger instead of 
thirst. 


SUMMARY 


\ model was proposed to explain the role 
of drive in discrimination learning. An 
experiment designed to test the model was 
conducted with three schedules of 
choice responses. That is, discrimination 
training was conducted with three different 
ratios of forced 


forced 


responses to the rewarded 
and nonrewarded stimuli. 

The results follow: (a) 
lhe research failed to produce the outcomes 
predicted by the model. (0b 
learning was decreased by a relatively large 
proportion of forced choices to the rewarded 
cue and enhanced by a greater proportion of 
forced choices to the nonrewarded cue. (c) 
Level of thirst failed to influence the choice 
behavior in discrimination learning. How- 
ever, thirst level exhibited a sizable influence 
upon running behavior. (d) Discrimination 
learning was improved by the presence of 
both relevant cues at the choice point during 
forced trials. 


and conclusions 


Discrimination 


Several alternative interpretations of the 
results were explored, including the implica- 
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tions for the learning theories of Spence and 


of Estes. 


REFERENCES 


\MSEL, A. Rate of learning of a visual bright- 

discrimination as a 
criminanda duration. J. 
Psychol., 1952, 45, 341-346 

31rcH, H. G. The role of motivational fac- 
tors in insightful problem-solving. J. comp 
Psychol., 1945, 38, 295-317 

Cantor, G. N., & Sprker, C. C. Effects of 
nonreinforced trials on discrimination learn 
ing in preschool children. J. exp. Psychol., 
1954, 47, 256-258. 

D’Amato, M. R., & JaGopa, H. Effects of 
extinction trials upon discrimination re- 
versal. J. exp. Psychol., 1960, 59, 254-260. 

Denny, M. R., & Dunnam, M. D. The 
effect of differential 
the incorrect response on the learning of the 


ness function of dis- 


comp. physiol. 


nonreinforcemrnt of 


correct response in the simple T maze 
J. exp. Psychol., 1951, 41, 382-389. 
Dopson, J. D. Relative values of reward 


and punishment in habit formation 
Psychobiology, 1918, 1, 231-276. 
Estes, W. K. The statistical approach to 


learning theory. InS. Koch (Ed.), Psychol- 


ogy: A study of a science. Vol. 2. New 
York: McGraw-Hill, 1959 

LACHMAN, R. Drive level and forced choice 
response schedules in brightness discrimina- 
tion. Unpublished doctoral dissertation, 
New York University, 1960. 

Meyer, D. R. Food deprivation and dis- 
crimination reversal learning by monkeys 
pA é xp Psyc hol., 1951, 41, 10 16. 

Myers, T. I. An experimental investigation 
of the effects of 
brightness discrimination learning of the 
rat. Unpublished doctoral dissertation, 
State University of lowa, 1952. 

SPENCE, K. W. Behavior theory and selective 

In M. R. Jones (Ed.), Nebraska 
symposium on motivation, 1958. Lincoln: 
Univer. Nebraska Press, 1958 

SPENCE, K. W., Goopricu, K., & Ross, L. E 
Performance in differential 
and discrimination learning as a function 


hunger drive upon the 


learning. 


conditioning 


of hunger and relative response frequency 
J. exp. Psychol., 1959, 58, 8-16. 

TotMaN, E. C., & GLEITMAN, H. Studies in 
spatial learning: VII. Place and response 
learning under different degrees of motiva 
tion. J. exp. Psychol., 1949, 39, 653-659 


(Received Mav 13, 1960 








Journal of Experimental 


Psychology 
1961, Vol. 62, No. 1, 88-94 


8§ 


GENERALIZATION GRADIENTS IN A DISCRIMINATION 
SITUATION ! 


DAVID LaBERGE 


University of Minnesota 


The purpose of this study was to 
investigate the shapes of human 
generalization gradients in an effort 
to obtain information basic to a 
formulation of a set-model for stimulus 
generalization. 

Gradients were obtained by first 
training Ss to respond selectively to 
two different stimuli on a metathetic 
dimension (Stevens, 1957), and then 
testing them on new stimuli in the 
neighborhood of the training stimuli. 
The resulting gradients, plotted either 
in terms of relative frequency or 
latency, were expected to resemble 
one side of the traditional generaliza- 
tion gradient (Hull, 1939) which has 
a peak at the training stimulus and 
decreasing slopes on both sides of 
the peak. 

The stimuli employed in the present 
experiments were positions of a small 
light along a_ vertical dimension. 
Since meaningful interpretations of 
shape characteristics of gradients re- 
quired knowledge of the psychological 
spacing of the stimuli, preliminary 
scaling experiments were carried out 
to determine the optimal range of 
stimuli within the dimension be 
used for generalization testing. 


to 


METHOD 


Subjects.—The Ss were men and women 
undergraduates from the University of Min- 
nesota. The preliminary scaling experiment 
employed 16 Ss and the generalization experi- 
ment employed 64 Ss in the final analysis. 





! This research was supported by a grant 
to the author from the National Science 
Foundation. Equipment was purchased 
through a grant from the Graduate School 
of the University of Minnesota. 
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All Ss were naive with respect to experiments 
of this kind. 

A pparatus.—The visual display was located 
14 ft. in front of the S’s chair. The stimulus, 
a rectangle of light #4 in. by 7% in., could be 
positioned precisely along a vertical axis. In 
order to stabilize the perceived position of the 
light in the darkened room, two white 
enameled guide strips, 14 in. by 68 in., ran 
the length of the vertical axis on either side 
and adjacent to the rectangle of light. The 
lower border was 6 in. above the floor and the 
upper border was 76 in. above the floor. The 
position of a stimulus along the dimension 
was designated according to its distance in 
inches from the lower border. Thus Stimulus 
35 was the physical midpoint of the range 
of stimuli bordered by the ends of the two 
white guide strips. Generous use of black 
commando cloth and flat black paint virtually 
eliminated all other visual reference points. 

The E sat behind a light-proof screen and 
adjusted the position of the stimulus with the 
aid of a finely graduated scale. The rectangle 
of light was not illuminated during the time 
when E changed its position, and the room 
was sufficiently dark so that Ss could see the 
rectangle only when it was illuminated. 

A response box was located on a table in 
front of S and contained two levers, 53 in. 
apart, with red reinforcement lamps located 
2, in. above each lever. An ATC timer? 
controlled the exposure times of the stimuli 
and reinforcements as well as all interevent 
intervals. A Beckman counter* measured 
response latencies in .001-sec. units, and a 
Beckman digital recorder printed out auto- 
matically the response latency, response 
alternative, and reinforcement alternative on 
each trial. 

Scaling ex periment.—The scaling procedure 
was based on measurement of difference 
thresholds. The simplest technique seemed 
to be to find a range of stimuli over which 
equal physical intervals would correspond to 
equal psychological intervals. The method 
of constant stimuli was used to obtain the 





2Automatic Timing & Controls, 
King of Prussia, Pennsylvania. 

3 Beckman Instruments, Inc., Richmond, 
California. 


Inc., 
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threshold curves around two standard stim- 
uli, 41 and 45, which were near the border of 
a range of stimuli which previous studies had 
indicated as having equal and stable jnd’s. 

The procedure was to present a series of 
stimuli, the first of each pair being the 
standard, and the second a variable stimulus 
+2, +1, 0, —1, or —2 in. from the standard. 
The Ss were instructed to determine if the 
second stimulus of each pair was above, below, 
or the same as the first stimulus. The pairs 
were randomized in 30-trial blocks, each block 
containing 6 of each of 5 possible standard- 
variable pairs. Each O was given 8 blocks, 
totaling 260 trials. The two standards were 
assigned to successive pairs of blocks in the 
orders 41, 45, 45, 41 or 45, 41, 41, 45. There 
were l-min. rest periods between each pair of 
blocks. Five pairs of stimuli were given before 
each block to orient S to each new standard. 
There were four different random sequences, 
four Ss to a sequence. The 16 Ss were run 
two at a time, and were instructed to write 
their judgments on a tablet of paper. They 
were also instructed to look down at their 
hands immediately following the second 
stimulus of each pair in order to attenuate an 
autokinetic-type of effect found when Ss 
focused rigidly on the spot where the last 
stimulus appeared. 

The time relations of the constant stimulus 
experiment were as follows: A buzzer sounded 
for 1 sec.; time between the buzzer and the 
standard stimulus, 1 sec.; duration of the 
standard stimulus, 2 sec.; time between the 
standard stimulus and variable stimulus, 
4 sec. ; duration of the variable stimulus, 2 sec. ; 
time between the variable stimulus and the 
buzzer of the next trial, 4 sec. 

Since the psychophysical curves obtained 
for each of the two standards were virtually 
identical, we may conclude that within the 
range of Stimuli 41-45, and probably even 
within the greater range of Stimuli 39-47, 
equal physical intervals correspond to equal 
psychological intervals. Therefore we may 
reasonably expect to determine shape char 
acteristics of generalization gradients obtained 
over this range of stimuli. 

Procedure.—F¥or all generalization condi- 
tions Ss were given sufficient training trials 
with two stimuli, S; and Se, to bring respond- 
ing at or near asymptote. Then a series of 
generalization test trials to neighboring 
stimuli followed, with training stimuli inter- 
spersed among them to maintain discrimina- 
tion performance at asymptote. Reinforcing 
lights always followed training stimuli such 
that one response, A;, was reinforced 100% 
of the time when S; occurred, and the other 


response, As, was reinforced 100% of the time 
when Sz occurred. Neither reinforcing light 
followed occurrences of test stimuli. 

There were three discrimination training 
intervals: Stimuli 42-44, 41-45, and 27-59, 
which were labeled the 2-, 4-, and 
training intervals. All training intervals 
had a common midpoint, namely Stimulus 43 
Sixteen Ss were assigned to each of the three 
discrimination conditions and were given 
generalization tests on seven stimuli lying 
between the training stimuli, S; and Se. In 
addition, eight Ss were assigned to the 2-in. 
and 4-in. training intervals and were given 
generalization tests to seven stimuli, six 
lying outside the training interval and one 
lying midway between the training stimuli. 

The stimuli were randomized without 
restrictions within blocks of 17 trials. Each 
training block contained eight S,, eight So, 
and one test stimulus, 43. Each test block 
contained five S,, five Se, and seven different 
test stimuli. 

One S was tested at a time, and given 35 
blocks of trials, totaling 595 trials. The 
blocks were given in five series, seven blocks 
to a series, with 3-min. rest periods between 
each series. The first series contained seven 
training blocks. Subsequent series contained 
an initial training block followed by six test 
blocks. A different sequence of stimuli was 
constructed for each subgroup of four Ss. 
Side of the reinforcing light 
balanced against S,; and S» 
sequence. 

Time relations within a trial were as fol- 
lows: Duration of the stimulus light, 2 sec. 
time between stimulus and reinforcing light, 
1 sec. ; duration of the reinforcing light, 1 sec 
time between reinforcing light and next trial, 
3 sec. 

The Ss were instructed to press a lever 
when a white light appeared in the front of 
the room. They were told that a red light 
above one of the levers would flash to indicate 
which lever they should have pressed on that 
trial. In addition, they were told that 
sometimes no reinforcing light would follow 
a white light and that such trials were to be 
considered as test trials wherein E wanted to 
know which lever S thought should be pressed 
on that trial. 


32-in. 


Was counter- 


within each 


RESULTS AND DISCUSSION 


Discrimination training.—Discrimi- 
nation curves for Ss who learned the 
discrimination and were given gen- 
eralization tests are shown in Fig. 1. 
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Fic. 1. Discrimination curves for Ss over 
all trials, 16 Ss in each group. 
and lower represent 
training stimuli S; and Sz, respectively.) 


(The upper 


curves responses to 


The learning criterion was 13 or more 
correct responses in Block 7 of train- 
ing. The data from the 2-in. and 
4-in. groups which were given gen- 
eralization the outside are 
not included here, although their data 
were the same as the 2-in. and 4-in. 
groups which had tests to the inside 
of the training intervals. Data from 
training stimuli of training and test 
blocks were combined in Fig. 1, since 
none of the ¢ tests of differences be- 


tests to 


100 


tween test and training blocks ap- 
proached There are 
clear separations of the three discrimi- 
nation groups, with an F test of the 
differences among asymptotes being 
significant beyond the .001 level. The 
curves of discrimination learning for 
all Ss, learners and nonlearners, show 
even greater separations, and _ all 
groups appear to have reached their 
asymptotes by Blocks 5 or 6. There 
is no indication that the obtained 
orderings of group asymptotes’ will 
eventually reverse, although a reversal 
is predicted by a Markov model of 
discrimination learning proposed by 
Atkinson (1958). Test trials ap- 
parently do not reduce the level of 
discrimination performance as_indi- 
cated by testing the differences be- 
tween the last two blocks of the first 
series and the seven blocks of the 
final test series for all groups, includ- 
ing the groups having generalization 
tests to the outside of the training 


significance. 


interval. 
Generalization tests.—Since we were 


interested in generalization gradients 
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Fic. 3. Individual gradients for the 4-in. training group, where testing was made 


inside the training interval. 

only of Ss who learned the discrimina- in Fig. 2, 3, 4, 5, and 6. For these 
tion, we did not use generalization curves, each training-stimulus point 
data from the seven Ss of the 2-in. is based on 120 observations, and 
condition and five Ss from the 4-in. each test-stimulus point is based on 
condition who did not learn the 24 observations. The curves were 
discrimination in the first seven obtained by averaging across all test 
training blocks. blocks, a procedure justified by the 

Individual gradients for each of the observation that series by series com- 
discrimination conditions are shown 


3 gall 


parisons of group generalization curves 
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Individual gradients for the 32-in. training group, where testing was made 
inside the training interval. 
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Fic. 5. Individual gradients for the 2-in. training group, where testing was made 


chiefly outside the training interval. 


showed no systematic change. It 
appears that fairly orderly generaliza- 
tion gradients are obtainable on in- 
dividuals under all conditions tested. 
Meaningful interpretations of shape 
characteristics of the gradients are 
justified only in the case of the 2-in. 
and 4-in. inside groups, where the 
test stimuli fall within the range of 
values scaled by the preliminary 
psychophysical experiment. 

A notable feature of the individual 
gradients is their almost linear slopes, 
which might be expected in cases 
where stimuli are equally spaced. 
There is no consistent indication of 
plateaus near the middle of the gra- 
dients, even in the case of the 32-in. 
group. However, a strong case can be 
made for the existence of plateaus 
at either end of the gradients near 
the training stimuli for certain indi- 
viduals who learned the discrimination 
to a high criterion. 
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The asymmetry of the 32-in. gra- 
dients is probably due to the fact that 
the midpoint of the vertical dimen- 
sion, namely Stimulus 35, was not 
the midpoint of the 27-59 training 
interval. And verbalizations of Ss 
confirmed that the dimension’s physi- 
cal midpoint served as a strong refer- 
ence point for most judgments of the 
32-in. condition. 

In the cases of the generalization 
tests to the outside of the S,-S, inter- 
val shown in Fig. 5 and 6, there is a 
shift in the peak response rate away 
from the training stimuli, an effect 
similar to that found in the pigeon 
studies of Guttman and Kalish (1956) 
and Hanson (1959). 

The slope characteristics of the 
group gradients may be compared by 
referring to Fig. 7, 8, and 9. Sta- 
tistical tests of differences in slopes 
were prepared by first computing 
the slopes of a least-squares straight 
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Individual gradients for the 4-in. training group, where testing was made 


chiefly outside the training interval. 
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line fit to each S’s data. Because of 
plateau effects near training stimuli, 
some of the points in these regions 
were not used in the least-squares 
analysis. The criterion for selecting 
points was as follows. Reading the 
graphs from left to right, we took the 
last stimulus point whose response 
proportion was less than .10 and the 
first stimulus point whose response 
proportion was greater than .90, plus 
all stimulus points between these two 
points. The resulting distributions 
of individual slopes had little overlap 


and F tests of differences among 
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Fic. 7. Group frequency gradients for the 


2-in. and 4-in. training groups, where testing 
was made inside the training intervals. (Each 
curve represents data of 16 Ss.) 


slopes for the three discrimination 
intervals were highly significant. For 
both the 2-in. and 4-in. conditions, 
the mean slopes of the gradients ob- 
tained from testing stimuli inside the 
training interval were significantly 
greater than the mean slopes of gra- 
dients obtained from testing stimuli 
outside the training interval. There 
was also a significant difference be- 
tween the response lever associated 
with the upper and lower training 
stimulus. 
The exact 
generalization 
determined 


individual 
not be 
data, in 


form of the 
gradient 


from the 


could 
present 
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Fic. 8. Group frequency gradients for the 


2-in. and 4-in. training groups, where testing 
was made chiefly outside the training interval 
(Each curve represents data of 8 Ss.) 


spite of efforts to provide careful meas- 
urements of stimulus spacings for the 
2-in. and 4-in. groups. The difficulty 
stemmed from the fact that all curves, 
including individual curves, were aver- 
ages of more basic gradients. The 
sigmoid shape of the group curves of 
Fig. 7 can be obtained from averaging 
linear curves which have plateaus of 
varying length near the training stimuli. 
And similarly, an individual gradient 
would assume a sigmoid shape if fluctua- 
tions in acuity during the testing series 
produced plateaus of varying length. 
Until a method is found for obtaining 


generalization gradients under rigidly 
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gradients for the 32-in. training group, where 
testing was made inside the training interval 
(Response A; was reinforced when S; ap- 
peared and response A» 
Se appeared Each curve represents data of 
the same 16 Ss.) 


was reinforced when 
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the determination 
of the exact shape of the generalization 


constant conditions, 
gradient will remain an elusive prize. 
Group latency gradients plotted within 
the training interval indicate a mono- 
tonic the 
stimulus is removed farther from the 
with the curves of 
Fig. 9 representing the poorest orderings 
obtained. All other group gradients are 
much more orderly, showing the same 


increase in latency as test 


training stimulus, 


crossing of the two response curves such 
that the 
slower than 


incorrect response is always 
For 


the cases where tests were made outside 


the correct response. 


the training interval, the group curves 


continued their monotonic form over 
the range of outside test stimuli, with 
the fastest latencies being associated 


with the test stimuli outside the training 
stimuli. 


SUMMARY 


Sixty-four Ss were given 119 trials on a 
discrimination problem involving two differ- 
ent positions of a light on a vertical dimen- 
Following this they 476 
trials made up of (a) generalization tests to 
neighboring stimuli along the dimension; and 
(6) further training trials with reinforce- 
ments to maintain asymptotic discrimination 
performance during testing. 


sion. were given 


DAVID LABERGE 


Individual and group frequency general- 
ization gradients were fairly orderly. The 
magnitude of the interval between training 
stimuli had a highly significant effect upon 
the slope characteristic of the gradients. 
Peaks of the gradients were shifted toward 
the outside of the interval between training 
stimuli whenever response rates to the train- 
ing stimuli were below maximum. Group 
latency gradients indicated similar monotonic 
orderings under all conditions 

Discrimination 
in the expected way 


asymptotes were ordered 
with no appreciable 
change in asymptotic level over the generaliza- 
tion test trials 
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SUPPLEMENTARY 
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In a recent study, Rechtschaffen and 
Mednick (1955) found that Ss in darkness 
would experience autokinetic movement that 
reflected the suggestion that a pinpoint of 
light would write words. Wide individual 
differences were noted, but no practice effects 
were studied. The present investigation is 
an attempt to determine the practice effect, 
if any, in the autokinetic illusion when Ss 
are given the instructions that the light will 
write English letters and words. 

Method The Ss in the major experimental group 
were 40 male college students (age range = 17 to 28 yr) 
Nine men and two women from the population 
were used in a control group. 


same 


Each S was tested on three 20-min. sessions on differ 
ent days. During the first 10 min. of each session Ss 
were told that the small pinpoint of light would write 
letters. A rest period, approximately 5 min., was given 
before a final 10 min. when Ss were told that the light 
had been rearranged so that it would write words 

After first determining whether the illusion of move 
ment was perceived, the first instruction was given 


The first 10 min. part of the test will be essentially 
this: the light has been set up so it will trace the 
outlines of the letters of the alphabet The letters 
will and will be 


vary in size, given in continuous 
series, with no breaks between them. As soon as you 
can make out the letters, or distinguish what they 


are, report them to me as you go along. There will 
be both capital and lower case letters given in manu 
script form just as though I were writing them on a 
blackboard for you to read. Okay? 


After the rest period, the following instructions were 
given 


The second part of the test is essentially the same 
as the first, with the exception that the letters have 
been arranged so that words will be spelled. We 
aren’t accustomed to using individual letters ir 
reading, writing, or in speaking; for this reason it is 
believed that it will be easier for you to group the 
letters into familiar words, rather than to break the 
series into individual letters. There will be no breaks 
between words, so this is primarily a test to see if you 


can tell when one word is complete and another 
begins. If you make out some of the letters and miss 
some, you may be able to guess the whole word by 


the order in which the letters are given. As soon as 
you have completed the word tell me what it is 
Okay? 


The Ss were seated in a dark room, 
12 ft. from the pinpoint of light. The E sat near the box 
from which the light was emitted and recorded re 
sponses. A luminous dial watch was used to record 
time. 

The data reported were obtained from two groups 
In Group 1, Ss made their reports in Sessions 1 and 2 
alone and in Session 3 with another S. In Group 2 
Ss were with another S in Sessions 1 and 2, and alone in 
Session 3 

Ten control Ss were tested 
instructions as used in Session 1 
was present. No control S reported perceiving lette 
or words. Five reported slight pinpoints or “flashes 
of light which disappeared when attempts were made 
to focus upon them. The results are reported only f: 
the experimental Ss 


approximately 


alone with the 
but no pinpoint of light 


same 


Yr 


! This 


19571 


study was reported, in part, at the September 


eeting of the American Psychological Association 
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PRACTICE ON AN ILLUSION ! 


rTHOMAS I. SHERRER 


Florida State Employment Service 
Results.—The experimental Ss increased in 
the frequency of their reports throughout the 
three sessions. Practice affected the perceiv- 
ing of the autokinetic illusion in the particular 
form induced by the suggestior As 
seen in Table 1 there was a greater frequency 


given 


of responses in Session 2 as compared with 
Session 1. This was true for the reports of 
both letters and words, and for both groups 
Except for reports of letters by Group 1, 
there was a further rise in frequency of re- 
sponses in 3. Tests of significance 
of the differences indicated that the 
increases from Sessions 1 to 3 were statistically 
significant (P < .05) 
in their reports of letters. 


Session 
mean 
except for Group 1 
For Group ® the 
rise in frequency of reports of letters from 
Session 1 to Session 2 was significant (P <.05 
The F was significant at 
beyond the .01% level for both groups on 


between-sessions 


words and letters except for the Group 1 
words measure, which was significant at 
beyond the .05 level 

Ihe number of responses of letters was 
1005 with all letters of the alphabet being 
reported. The letter most frequently per- 
ceived was é, with m and o being next There 


were 238 words perceived, most of them being 
fairly simple and short words as: the, be, of, 
all, etc. Almost half of the words 
reported only once, with a few of these being 
individual, such as, Robert, nonsense, bombs, 


were 


etc. Some Ss accepted the directions readily 
They also shifted easily from the set to 
perceive letters to perceiving words. At 


the other extremes were Ss who questioned 
the instructions. They 
and with qualifications. 

Certain Ss repeated the same responses; 
others experienced unusual “writing,’’ such 
as perceiving the letter as being written on 
from left to the 
right, making the writing difficult to perceive 

It is important to note that Ss must ac- 
cept the suggestion that the light is writing 
When graduate students were used as Ss in a 
preliminary study, the number of responses 
were few or nonexistent. The Ss used in this 
report were naive in respect to the illusion 
but 
the suggestion that the light was writing 


gave few responses 


its side, or as movement 


some were more critical than others of 


In this study, the particular form of the 
illusion was induced in Ss from the instruc- 
tions given by E. As in the Atkinson and 
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rABLE 1 


EFFrect OF Prac 


Letters 
Session Group 1 Group 2 
Mean SD Mean 
1 8.10 5.46 5.35 
2 11.55 9.59 7.15 
3 9.95 7.87 | 8.15 


Ammons (1952) study, practice seems to 
affect the stability of a perceptual organiza- 
tion when it is set up by external directions. 
However, it is possible that practice also 
affects perceptual organizations when some 
particular directional set is adopted by S 
himself, either by conscious self-instructions 
or by sets carried below his level of awareness. 
In this way, perceptual “habits’’ may be 
strengthened below the level of awareness. 
The ambiguous world, or those aspects of it 


rik 


E ON AN ILLUSION 


Words 
Group 1 Group 2 
SD Mean SD Mean SD 
29 1.55 2.01 1.00 1.35 
2.85 1.70 1.82 2.25 1.93 
4.05 2.70 2.28 2.70 2.19 


which are most ambiguous, would thus by 
practice be perceived in an individual manner. 
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